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Thesis Summary 
Urban centres in Sub-Saharan Africa (SSA) are among the fastest growing cities globally due to 
rapid population growth and rural-to-urban migration. Rapid urbanisation which is often 
characterised by the expansion of urban centres into peri-urban areas leads to conversion of 
various land use and land cover (LULC) classes including agricultural land to urban uses. In 
addition, the loss of soils within urban peripherals due to urban growth can lead to the 
reduction of soil diversity. Unfortunately, there is limited literature on the quality and diversity 
of soils lost in SSA due to lack of detailed baseline soil information. 
This study bridges this gap by using remote sensing data and application of digital soil mapping 
(DSM) techniques. The specific research objectives were to: (i) assess the rate of agricultural 
land conversion using land use land cover (LULC) classification methods in Uganda, (ii) 
determine the appropriate prediction model for reconstruction of pre-urban soil patterns in a 
rapidly growing megalopolis, (iii) estimate the extent of loss of high-quality soils to urban 
growth, and (iv) assess the socio-economic perspectives and dynamics of urban and peri-urban 
agriculture (UPA). This study focused on Kampala and Mbarara Uganda’s capital city and major 
regional urban centre, respectively. 
First, the rate of agricultural land conversion to built-up was determined using multi-temporal 
LULC classification of Landsat ETM+ and TM images. LULC maps showed that built-up area in 
Kampala expanded greatly from a mere 7.14% of the landscape in 1989 to 55.10% in 2015. This 
occurred at the expense of agricultural land which within the same period decreased from 
48.02% in 1989 to 16.69% of the landscape in 2015. In the case of Mbarara, built-up area 
v 
 
increased from 6.37% in 2002 to 30.96% by 2016 and agricultural land decreased from 39.92% 
to 32.08% of the landscape. Less than half of the observed agricultural land resulted from 
persistence as the higher proportion of agricultural land was gained through swapping with 
savannah, grazing land or wetlands. In addition, the prominent systematic LULC conversions 
include agricultural land to built-up areas, savannah to grazing land, and wetlands to savannah. 
It was also observed that relatively far away from the city centre savannah changes to grazing 
land while close to the city savannah changes to either agricultural land or built-up. 
Second, to quantify the quality and diversity of soils lost to urban growth, DSM techniques 
involving legacy soil data and complimentary soil survey observations at relatively undisturbed 
sites were used to predict the pre-urban soil patterns for the entire urban and peri-urban areas 
of Kampala. Among the several environmental covariates used in DSM are terrain attributes 
slope, aspect, NDVI, and topographic wetness index, lithology, precipitation, temperature and 
Landsat ETM+ and TM bands. The prediction model performance of random forests (RF), 
multinomial logistic regression (MLR) and Boosted Regression Trees (BT) as modelling 
techniques of the relationships between the observed soil classes and environmental covariates 
were tested. The output of the pre-urban soil patterns shows the three models performed well 
but RF performed slightly better than MLR and BT, with an overall prediction accuracy of 77.1% 
and produced more pedologically plausible soil maps at 30 m resolution. The classified soil 
types are Acrisols, Nitisols, Ferralsols, Gleysols, Plinthosols, and Arenosols. 
Third, in order to determine the quality and diversity of the soils lost to urban growth, a more 
accurate soil map obtained from RF was overlayed with the built-up category of multi-temporal 
LULC maps. The results show that 50% of the Nitosols soil type were lost between 1989 and 
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2015 compared to 32.9 %, 26.3%, 25.6%, 21.5%, 13.4, and 10.4 for Plinthosols, Ferralsols, 
Acrisols, Arenosols, Fluvisols, and Gleysols, respectively. Moreover, 34.4% and 39.4 % of the 
soils lost belong to high and medium soil productivity class, respectively. This revealed that 
more than 74% of the soils which had been converted to urban development between 1989 
and 2015 were in high and medium quality class for agricultural production.  
Finally, socio-economic dynamics of UPA were assessed using semi-structured interviews 
involving 158 UPA farmers and 181 food market vendors in Kampala and socio-economic data 
from Uganda Bureau of Statistics (UBOS). The results showed that the average size of farms 
under UPA has decreased from about 1.9 acres in 2002 to about 0.5 acres in 2015. In terms of 
the main source of food supply to urban markets, 64.4 % of the vegetables and 58.8 % of fruits 
sold are sourced from UPA. 
In conclusion, this study has demonstrated how the LULC maps, soil data, and DSM techniques 
can be used to quantify the rate of urbanisation and loss of soils diversity. The thesis examined 
appropriate model for the prediction of soil types. This is the first study to use DSM techniques 
to reconstruct pre-urban soils in Sub-Saharan Africa, a sub-region experiencing the fastest 
urban growth globally. The findings of this study will provide quantitative soil information to 
guide policymakers and urban planners to promote sustainable development and protect soils 
in SSA cities. 
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General Introduction 
1.1 Background 
More than half of the world’s population currently live in urban centres (DeFries et al., 2010). 
All future population projections and estimates indicate urban population will exceed 5 billion 
people by 2030 (Seto et al., 2012) and will constitute over 70% of the total population by 2050 
(Ambey et al., 2013; Angel et al., 2011). Urban growth is fastest in the developing world where 
it has outpaced economic development especially in the Sub-Saharan Africa (SSA) countries 
(Ambey et al., 2013; Clover, 2003).  This has constrained the ability of several governments in 
this region to address the problem of unemployment. Urban intensification is a process 
whereby new buildings in cities are built at higher densities, open spaces in urban areas are 
developed, and high-density areas are redeveloped (Williams, 2004). In contrast, urban 
expansion occurs whereby cities grow into the urban fringes (peri-urban areas), a transition 
between urban and rural areas (Mbiba and Huchzermeyer, 2002; Thapa and Murayama, 2008). 
Urban expansion and intensification are responsible for the ever-growing urban land use and 
land transformations. 
Unfortunately, globally urban centres are located in economically strategic places with most 
situated in agriculturally productive areas (Morello et al., 2000). Urban and peri-urban 
agriculture (UPA) has been a key activity occurring in urban open spaces and in the fringes of 
the city boundaries, supporting millions for people, and contributing significantly to food 
security, especially for the urban poor population. However, unprecedented urban 
encroachment into agricultural lands and other natural ecosystems is leading to loss of 
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pedodiversity (Chen, 2007; Cumming et al., 2014) and is a threat to UPA (Mubea and Menz, 
2012). 
Agricultural land lost to urban growth has been widely determined by analysis of freely 
available remote sensing and GIS spatial and multi-temporal data (Griffiths et al., 2010; Linard 
et al., 2013; Xian and Crane, 2005). The basic premise in using remote sensing data for change 
detection is that changes in land cover result in changes in radiance values (Mas, 1999). Landsat 
images particularly have been widely proven as reliable data for the assessment of land use and 
land cover (LULC) transformations especially in the urban landscape (Seto et al., 2002; Weng, 
2012). Although there are several change detection procedures, comparative analysis of 
spectral classifications for times t1 and t2 produced independently is widely used (Mas, 1999; 
Seto et al., 2002; Singh, 1989). Multi-temporal change detection techniques using Landsat 
ETM+ and TM images have been used successfully used to detect LULC changes in Kampala 
(Vermeiren et al., 2012), Nairobi (Mundia and Aniya, 2005) and Washington DC Metropolitan 
area (Masek et al., 2000). 
Landsat image analysis can be used not only in determining the loss of agricultural land to 
urban development but also to reveal the type and quality of soils lost. As stated before 
majority of urban centres were located in the fertile areas, more so in SSA. However, studies 
focusing on the quality of agricultural land lost to urban development in SSA are lacking in the 
literature. While the quality of soils lost to urban growth in the developed countries has been 
assessed from detailed baseline soil information available in these countries, such detailed soil 
information in SSA are not readily available. However, there is a glimmer of hope in that 
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existing soil maps and reports produced from conventional soil survey would provide reliable 
soil information that can be used to determine the soil quality (Pahlavan-Rad et al., 2016).  
Soil modelling techniques have been applied to produce detailed soil information using digital 
soil mapping approach (DSM). DSM techniques involve the use of estimated models from the 
relationship between soil point observations and auxiliary environmental covariates to predict 
soil information at unobserved locations using the empirical relations between the 
environmental covariates and factors of soil formation known as Scorpan (Minasny and 
McBratney, 2016). However, the accuracy of the results from DSM depends on the 
representativeness of the areas with data and the extent of the region onto where the soil is 
predicted (McBratney et al., 2003). This is particularly challenging for SSA countries which are 
predominantly data-poor. The legacy soil data in SSA countries have coarse details and obsolete 
which is a major limitation to the assessment of soil quality. Therefore, legacy soil information 
in SSA countries needs to be used in conjunction with additional soil point observation data 
carefully collected from relatively unchanged sites especially in urban landscapes which are 
prone to anthropogenic alteration of soils.  
The loss of farmlands and productive soils can lead to serious socio-economic consequences for 
the farming households and negative implications for the food security especially urban poor 
population. Whereas studies indicate that SSA is the only region in world where the proportion 
of the malnourished people are projected to rise (Baro and Deubel, 2006; Rosegrant et al., 
2001), there is limited information in the literature about the implications of loss of productive 
soils to urban growth for the food security of the urban poor who constitute the largest 
proportion in SSA cities. 
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The focus of this study is to assess urbanisation rate generally in SSA and specifically in Uganda. 
The thesis also addresses the need to determine pre-urban soil patterns which require careful 
selection of the best approach for mapping the soils and hence determine the quality of soils 
lost to urban development. More importantly, the implications of the loss of agricultural land 
for food security were also explored. Moreover, the ultimate aim is to get a general view of the 
quality of soils in peri-urban areas lost to the urban environment and the future of UPA as an 
important source of urban household food supply. The outcome of this study will be beneficial 
to policymakers to regulate urban growth and land transformation for sustainable 
development.  
1.2 The purpose of this study 
 
The objectives of this study include: 
1. To determine the land use and land cover transformations and diminishing agricultural 
land due to urban growth in Uganda 
2. To determine the best model for the prediction of the pre-urban soil patterns in 
Kampala 
3. To assess the proportion of good quality soils lost to urban growth 
4. To examine the socio-economic implications of urban growth and urban agriculture for 
food security  
1.3 Structure of the thesis 
 
This thesis includes 6 chapters   structured as follows: 
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Chapter 1 introduces the general background of this thesis and describes the challenges 
hampering soil quality mapping in SSA and gives a brief view of the potential of DSM. Chapter 2 
comprises a literature review focusing on the impact of rapid urbanisation on agriculture and 
food security in Sub-Saharan Africa (SSA). It specifically highlights the drivers of rapid 
urbanisation and their effects on urban and peri-urban agriculture (UPA) and hence food 
security. It provides evidence that suggests that UPA contributes significantly to food security 
and that urbanisation is targeting the most productive lands. It finally provides a general 
recommendation for research. 
Chapter 3 investigates the urban growth in the two largest urban centres in Uganda over the 
past two decades using land use and land cover (LULC) classification with the main emphasis on 
the concurrent loss of agricultural land. It also provides an assessment of the random and 
systemic land transformation in the peri-urban areas of the two urban centres.  Chapter 4 
investigates the appropriate soil modelling approaches for mapping pre-urban soil patterns in 
especially areas with limited soil data. This uses digital soil mapping (DMS) and provides a 
unique approach of using undisturbed sites to provide soil information required for DSM. The 
quality of soils lost to urban growth are also investigated in this chapter.  
Chapter 5 assesses the socio-economic implications of urban growth for household food 
security focussing on the displacement of urban and peri-urban (UPA) farmers. The trends of 
household landholding are reported and further investigates the major coping strategy for the 
urban residents that lost land to urban encroachment. The chapter concludes by evaluating the 
urban food price change and its association with loss of UPA farmlands.  Chapter 6 concludes 
the thesis with a General discussion focusing on the main findings of Chapter 4 – 5. This chapter 
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also reports the spatial distribution of the built-up areas in Kampala with highlighting the 
quality of soils. The chapter also provides overall conclusions of the thesis and suggests the 
areas that need future research.  
Research chapters (3 – 5) are presented as journal articles which have been submitted to 
various international journals. Thus, each chapter contains a brief introduction, description of 
materials and methods, results and discussion and conclusions. Chapter 2 has been submitted 
to an international journal as a review paper.  It is worth noting that there is some overlap 
especially in regard to background information.  
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Chapter 2. 
 
The precipitous urban growth in Sub-Saharan Africa: an overview of its impact on urban 
agriculture and food security 
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Abstract  
Food security has been threatened by many factors among which is the rapid rate of 
urbanisation. Here we review the impact of rapid urbanisation on agriculture and food security 
in Sub-Saharan Africa (SSA). We first highlighted the drivers of rapid urbanisation and their 
effects on urban and peri-urban agriculture (UPA) and hence food security. Evidence suggests 
that UPA contributes significantly to food security, particularly through the household food 
supply, income, and employment. However, studies also reveal that urbanisation is targeting 
the most productive lands which historically were selected for settlement by the colonialists. 
Overcoming urban encroachment into productive lands, as it threatens food security, requires 
further research critical to policy formulations amenable to sustainable urban planning and 
development.  
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2.1. Introduction 
Urbanisation, which leads to substantial anthropogenic modification of the environment, is one 
of the major challenges of current and future food security especially in developing countries 
(Godfray et al., 2010, Tomlinson, 2013, Borlaug, 2002, Borlaug and Dowswell, 2003). During the 
past two decades, the global urban population more than doubled with over 50% of the world’s 
population living in urban areas (UN, 2012). Thus there is an upward trend in urbanisation due 
to population pressure as the global population continues to rise, projected to reach 8.1 billion 
by 2025 (UN, 2013). Thus the urban share of the world population is projected to rise to about 
70% of the total population by 2050 with the majority of this rise expected in developing 
countries (UN-Habitat, 2008).  
The high rate of urbanisation only caught up with Sub-Saharan Africa (SSA) during the post-
colonial period even though SSA was and is still the least urbanized of the world’s major 
regions. However, this relatively low level of urbanisation will be short-lived as urbanisation 
rate in SSA is ten times those of the western world and about three times those of the rest of 
the developing world (Barrios et al., 2006). While a recent estimate of urbanisation in SSA is 
about 39% of the total population, it has been projected to exceed 50% of the total population 
by 2025 (Potts, 2012, Njoh, 2003). This is based on current annual urban land cover growth rate 
of 3.7 – 4.32%, the highest globally (Angel et al., 2011a, Seto et al., 2011). A major concern 
about the rapid urban growth rate in SSA is not only about urban encroachment into 
agricultural lands but about the loss of highly productive lands. In fact, evidence suggests that 
urban growth is encroaching on the lands that are three times as productive as the average soil 
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in SSA (d’Amour et al., 2016). This is because most of cities and urban centres in Africa had 
metamorphosed from agrarian communities that were attracted by and settled for their high 
potential agricultural productivity. These settlements eventually grew to become cities and 
towns of today (Beauchemin and Bocquier, 2004). 
Urban growth (which encapsulates intensification and expansion), as a major cause of the loss 
of productive agricultural lands in SSA, is a serious threat to urban and peri-urban agriculture 
(UPA). UPA, a major activity supporting urban poor residents in developing countries in general 
and in SSA in particular, is estimated to support over 800 million people globally, accounting for 
15–20% of world food production (Cofie et al., 2003). For example, in the 1990s over 20 million 
West Africans and 40 million people in East and Southern Africa were estimated to be 
dependent on UPA for their food supplies (Cohen and Garrett, 2010).  
This estimates can be extrapolated to the rest of SSA. Thus UPA, as a source of household food 
supply, income and employment, is vital to food security for the urban poor residents (Maxwell 
et al., 1998). Thus, the deleterious effect of urban growth into previously peri-urban and rural 
agricultural lands and urban intensification within already urbanized areas is the displacement 
of the urban farming households. This invariably leads to a serious threat to urban food 
security, at least in the interim. In 2010, reports indicated the rise in food insecurity in the SSA 
with estimates showing about 500 million people malnourished in the region (USDA, 2010). 
Consequently, reducing the risks to food security caused by rapid urbanisation is one of the 
major challenges of the 21st century because of the ever-increasing urban poor particularly in 
SSA (Borlaug, 2002, Borlaug and Dowswell, 2003, Stage et al., 2010).  
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It is therefore important to appraise our current knowledge of and the extent of urban growth 
encroachment into agricultural lands and how this might impact on food security, urban food 
security specifically. This paper is therefore aimed at reviewing existing knowledge of the extent 
and degree of urban growth into peri-urban and agricultural lands in SSA and how this has 
impacted on food security. We began by gauging the extent of research in SSA on urbanisation, 
urban land expansion, and loss of agricultural lands, urban expansion and loss of agricultural 
land, urban food security, urban agriculture, peri-urban agriculture, urbanisation, and food 
security. This was achieved by Google Scholar searches using each of the listed keywords 
namely; "urbanisation", "urban land expansion", and "loss of agricultural lands", "urban 
expansion and loss of agricultural land", "urban food security", "urban agriculture and 
peri‐urban agriculture", and "urbanisation and food security". We then identify knowledge gaps 
and provide insights into how further research can alleviate these gaps. This review covers 
studies between 1900 and 2016, focusing on articles published in peer-reviewed journals and 
United Nations (UN) and international agency reports.  
2. 1. 2. Methods 
An extensive literature review was performed by searching and categorising the relevant 
literature, in English language journals about urbanisation were obtained from searches of 
electronic databases. The large proportion of the papers were largely obtained from Google 
Scholar, ScienceDirect, and Web of Science. Other were obtained from Scopus, Sage 
knowledge, and Google. Databases were searched between 2013 and 2016. Keywords used for 
the search included: ‘urbanisation’, ‘urban land expansion’, ‘loss of agricultural lands’, ‘urban 
expansion and loss of agricultural land’, ‘urban food security’, ‘urban and peri-urban 
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agriculture’, and ‘food security’. Additional papers were identified from the reference list of 
those papers found through the search engine database. These papers were imported to 
EndNote containing the details of each paper; author, journal, year of publication, and study 
location.  
In addition, a quantitative literature review was performed. The search was performed in 
October 2014 to obtain literature from 1900 and 2014 on each of the aforementioned 
keywords globally. The focus was on the journal articles, United Nations (UN), and international 
agencies reports. The search followed systematic quantitative literature review, a methodology 
that has been applied in a wide range of review papers to identify key knowledge gaps (Guitart 
et al., 2012, Roy et al., 2012, Petticrew, 2001, Pickering and Byrne, 2014) 
Research papers were grouped by regions (Table 2.1). Showing Sub-Sahara Africa (SSA) having 
the least number of papers on each of the keywords compared to other regions. Papers that 
had “urban expansion and loss of agriculture land” were the least across the regions.  
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Table 2.1: The number of papers examining urbanisation, agriculture and food security by year searched 
with respective key words (20/10/14) 
  
Key words  
    
Region Urbanisation 
Urban expansion and 
loss of agricultural 
land 
Food 
security 
Urban food 
security 
Urban 
agriculture 
Peri-urban 
agriculture 
SSA 56,300 6 54,900 922 3,860 1,280 
Europe 239,000 33 109,000 835 9,170 1,880 
Asia 199,000 49 149,000 994 7,400 1,820 
L. America 117,000 45 51,500 1,010 9,170 1,660 
N. America 211,000 45 80,700 891 10,200 1,730 
China 248,000 62 105,000 547 8,480 1,440 
USA 503,000 71 410,000 1,500 17,500 2,930 
Australia 112,000 10 57,400 351 4,390 929 
 
 
2.2 Urbanisation 
 
2.2.1 Trends in urbanisation: global versus sub-Saharan Africa perspectives 
Urbanisation can be viewed mainly as a process of increasing the proportion(s) of the total 
population living in urban areas (Parnell and Walawege, 2011). Historically, a large majority of 
the population lived in rural areas.  However, urbanisation picked up and gained as an area of 
research in the 1900s when the global urban population was merely 14% of the total 
population, Africa then had only 1.5% of the world’s urban population (Davis, 1955). After 1900 
the proportion of urbanized dwellers rose gradually, and by the end of the 1950s, the world’s 
urban dwellers rose to about 30%, further rising to 52% in 2012 (UN, 2012). While the most 
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recent urban share of the population is 54% (UN, 2015), projections indicate that it will rise to 
6.3 billion or about 60% of the total global population by 2030 (Seto et al., 2011) and 6.4 billion 
or nearly 70% by 2050 (UN, 2012, UN-Habitat, 2008). 
While urbanisation continues to rise, of major concern is the majority of this increase 
happening in the developing economies. For example, while in Europe, North America, China 
and other developed countries, over 50% of the population currently live in cities, in Africa (the 
least urbanized continent) only about 39% of the population are urban dwellers.  Even as the 
least urbanized of all the world’s regions, SSA’s rapid rate of urbanisation (about 2.46%, ten 
times that of the developed countries and about three times that of the rest of the developing 
world) is a major concern (Barrios et al., 2006). As such 13 of the 100 fastest growing cities in 
the world are in SSA (RUAF, 2010, http://www.citymayors), despite the high number in China 
and India. Thus, while in mid-1990s Africa had only 28 cities with over one million residents, by 
the end of 2005, 43 African cities had over 1 million people UN-Habitat, 2008), these rose to 
over 55 cities by 2015 (UN, 2016).  
As a consequence of the rapid rate of urbanisation in SSA, the urban share of the total 
population is estimated by (UN, 2013) to go over the magic 50% by 2040 (Fig. 2.1). Indeed, 
some countries in SSA such as Angola, Nigeria and Botswana have crossed the 50% urban 
population mark, with a few countries having even higher urban proportion than in many 
developed countries: e.g., Gabon (84.7%), Djibouti (87.0%) and Réunion (93.1 %). This is 
because, as reported in UN (2012) and WHO (2010), the majority of global urban population 
growth in the next 50 years will occur in developing countries, predominantly in SSA and Asia 
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(UN, 2012, WHO, 2010), with over 50 % of the global population growth between 2015 and 
2050 expected to occur in Africa (UN, 2015). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1 The proportions of urban vs rural of the total population in SSA between 1950 and 2050 (UN, 
2015) 
 
The current SSA urban population is mostly concentrated in regional centres (population 
between 1- 5 million) and in a few capital and commercial mega-cities (population between 5-
10 million) (https://www.citypopulation.de/world/Agglomerations.html). However, there are 
thousands of smaller urban centres that contribute significantly to the proportion of the total 
urban population. These small cities sometimes referred to as secondary cities are experiencing 
the higher growth rate than other areas (Simon, 2008). Based on the projected exponential 
urbanisation growth rate (Fig. 2.2), these small urban centres may well grow into bigger 
regional centres and cities in the near future.  
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It is worth noting that SSA urban population had almost doubled in the past 15 years (in 2000 
urban population was about 197 million but by 2015 urban population rose to 360 million) and 
by 2050 SSA will host about 1.2 billion people (Fig. 2.2) or about 55% of the total population 
(Fig. 2.1) 
 
 
Figure 2.2 Trend in SSA urban population 1950 to 2050 (UN, 2015) 
Urban growth occurs in two major forms; urban intensification (a process whereby new 
buildings are developed existing open spaces within the city resulting in higher density) and 
urban expansion which involves the urban growth into urban peripheries, transition zone 
between rural and urban centres (Simon, 2008). It has been widely observed that much of the 
urban growth in both small and large cities is occurring in the latter (Lerner and Eakin, 2011). 
This form of urban growth presents most of the environmental, socio-economic, and political 
challenges in achieving sustainable urban development with sufficient local food production. 
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The current and projected rapid land-use transformations in peri-urban areas have great 
consequences for food production and consumption for the peri-urban residents. This rapid 
land-use transformation in peri-urban zones is occurring almost exclusively at the expense of 
agricultural land, which has placed food production in these areas at risk. Food security 
concerns particularly arise as a result of the loss of cultivable land to a combination of sale and 
land degradation are a result of urban growth into peri-urban areas is a great threat on food 
security especially in developing countries (Simon, 2008). 
The rapid transition from peri-urban landscapes to fully urbanised areas results in a drastic 
decline of available land for farming leading to limited land accessibility. Peri-urban farmers 
compete for available land with urban development pressures the latter often out-competing 
the former.  Farmlands in peri-urban areas rise in value rapidly, the cost of agricultural land also 
increases as it becomes linked to those in the non-farm economy (Richards et al., 2016). Thus, 
as more agricultural lands are converted to urban uses like housing or recreation, the urban 
residents face a considerable challenge of ensuring their food security.   
Despite the aforementioned rapid urban growth into peri-urban areas challenges and their 
negative implication for food security, including the risks of agricultural production systems in 
peri-urban areas to health and environment, agricultural production in many cities of 
developing countries persists, albeit on the declining scale. There several motivations of food 
production in peri-urban areas in the face of urban growth; emergent consumer demands from 
urban non-farming households, cultural needs, as well as need to supplement the household 
food supply (Lerner and Eakin, 2011).  Persistence of food production in peri-urban areas plays 
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important role in food security strategies at a household level and waste management (through 
recycling of organic wastes), often major problems in urban centres across Africa.   
2.2.2 Factors driving the rapid urban growth in sub-Saharan Africa  
Historically urbanisation in Africa was largely linked to the direct contact with the industrial 
west during the colonial era (Davis, 1955) when the colonizing nations were in search of 
suitable settlements for political and economic purposes. However, since independence in the 
late 1950s to early 1960s, urbanisation has been driven by several factors which can be grouped 
into intra-urban and extra-urban factors. Specific intra-urban factors contributing to the rapid 
rise of SSA urban population (and to a less extent in rural population) include:  high fertility 
rate, increased life expectancy, cultural aspects in some areas where having many children, 
early marriages among others. 
 Population growth rate developing countries is generally higher than those of developed 
world. Even when fertility rates were reported to have declined in most parts of the world in 
the 1980s, there was a little or insignificant decline in most SSA countries. In fact, recent 
findings have indicated that the rate of fertility decline that was realised in the 1980s has 
slowed since 1998 and thus remains the highest globally (Bongaarts, 2008).  
Broadly speaking, urban population increase in Africa is linked to increased life expectancy 
(owing to improvement in health services). And specifically, it is partly attributed to a generally 
reduced child mortality rates across all countries in the continent. Curtailing of communicable 
diseases as a result of improved health services has lowered avoidable deaths. The absence of 
laws regulating family size in almost all SSA countries has also led to the rapid rise in 
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population. Cultural aspects in some areas where having many children are promoted lead to 
rapid population growth rate. Early marriages, although it is generally improving, it is still 
common in SSA partly explains high population growth. High population growth rate means 
higher land fragmentation which leads to reduced farm size and thus reduced UPA. 
The aforementioned factors generally influence both rural and urban population growth rate. 
However, by far the most important contributing factor to urban and peri-urban area 
population growth is the high rural-to-urban migration rate (Todaro, 1997, De Brauw et al., 
2014).In addition, the areas of origin of several migrants to urban centres in Africa are hardly 
documented. As a result, migrants coming from secondary towns are often excluded in the 
assessment of rural-to-urban migration. For instance, between 1998 and 1992 net negative 
annual migration rates at national level were −0.2% for Niger, −0.9% for Senegal and −1.6 % for 
Côte d’Ivoire, whereas all the big cities in these countries had positive net migration in the 
same period (Potts, 2009). Beauchemin and Bocquier (2004) observed that many migrants 
leave secondary towns for big cities, which is usually neglected by many studies. This implies 
that in order to get a clearer picture of the urban grow rate due to migration, big and small 
cities should be assessed independently. Moreover, studies have adduced that, unlike in the 
developed world where forces (e.g., good jobs and improved health services) attract people to 
urban areas, in SSA forces such as civil wars and internal conflicts, disease epidemics, poverty, 
unemployment, and unequal opportunities tend to push people from rural areas to urban 
centres (Beauchemin and Bocquier, 2004, Njoh, 2003). Moreover, the imbalance in the 
distribution of facilities has created a clear contrast between rural and urban centres 
contributing to the accelerated rates of rural-to-urban immigration.  
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In buttressing the point above, estimates show that the rural-to-urban migration accounted for 
roughly half of the urban growth in many Africa countries between 1960 and 1990 (Barrios et 
al., 2006). This is because the rural-to-urban migration played a major role in the 
socioeconomic growth during the post-independence period, especially in countries such as 
Uganda, Angola, Mozambique, Sudan, Sierra Leone, and Liberia; however some authors opined 
that this push to urban centres was caused more by civil conflicts than by other 
aforementioned push forces (Potts, 1995, Adepoju, 2000, Brockerhoff and Eu, 1993). For 
example between 1984 and 2011, of the top ten armed conflicts in the world (which recorded 
more than 1,000 deaths and with thousands more displaced) eight were located in Africa 
(ACLED, 2016). The situation does not seem to have improved as the most recent report 
indicates: 8 out of 9 countries in Africa where armed conflicts were reported are in SSA (ACLED, 
2017). Yet in countries where conflict is non-existent, the rural-to-urban migration continues 
unabated because of the attraction of low-paid informal work in the cities (Potts, 2009). 
Significantly, the informal economic sector employs 65–80% of the urban population and plays 
a key role in receiving and integrating migrants into urban areas by providing them with the 
minimum means of subsistence (Beauchemin and Bocquier, 2004). 
These factors lead to increased population pressure in urban and peri-urban areas. According to 
Seto et al. (2011), while over 43% of the total urban land expansion in Africa could be attributed 
to population growth, in Europe, China and North America it is only 4%, 18% and 28%, 
respectively. Conversely, GDP per capita growth rate as a driving factor in Africa is non-
significant compared to 86% for Europe and 72% for North America (Table 2.1). This difference 
is an important socio-economic element causal to the increased number of urban poor in SSA 
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and preponderance of urban slums in big cities, even though their growing number of urban 
slums have made SSA the fastest urbanizing region in the world. 
2.2.3 The growing rate and extent of urban growth in sub-Saharan Africa  
In quantitative term, the average rate of urban land expansion in SSA is estimated to be 
between 3.7 – 4.32 % (Seto et al., 2011), more than twice the overall population growth rate of 
1.6% (Angel et al., 2011a, Angel et al., 2011b, Tan et al., 2005). This spatial expansion is not 
restricted to megalopolis which denotes an extensive highly connected urban region (Baigent, 
2004) but occurs also in small cities and rural centres. According to UN-Habitat (2008), the 
principal cause of urban area  expansion in the megalopolis is the aggregation of the rapidly 
expanding small peripheral urban centres and urban corridors. Thus Kinshasa in DRC and Lagos 
in Nigeria are recent additions to the world’s list of megalopolises, with more in SSA expected 
to follow suit. This is because, as mentioned above, urban growth is projected to continue at 
the rapid rate doubling in the next two decades. To accommodate this growth the spatial 
extent of urban land cover is predicted to increase from 38,316 km2 in 2010 to 333,493 km2 by 
2050 (Angel et al., 2011a). This implies that about 295,177 km2 (over seven-fold increase) of the 
lands will be converted to urban development in the same period. As such, only SSA will 
continue to experience a significant annual urban land expansion of above 2.7 % beyond 2050 
(Table 2.2). 
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Table 1.2 Projected decadal percent change of urban land cover for world regions, 2000–2050 
(Adapted from Angel et al., 2011) 
 
Urban land cover projections (% annual increase) 
 
2000 - 2010 2010 - 2020 2020 - 2030 2030-2040 2040-2050 
Eastern Asia & the Pacific 3.07 2.29 1.56 0.97 0.58 
Southeast Asia 3.79 2.66 1.91 1.42 0.99 
South & Central Asia 5.61 2.49 2.28 1.94 1.53 
Western Asia 6.35 1.69 1.50 1.20 0.91 
Northern Africa 3.04 2.73 2.28 1.86 1.45 
Sub-Saharan Africa 4.18 3.92 3.65 3.22 2.74 
Latin America & Caribbean 2.00 1.52 1.11 0.79 0.51 
Europe and Japan 0.21 0.17 0.17 0.08 0.0 
Developed countries  0.79 0.64 0.55 0.42 0.30 
World total 2.19 1.55 1.34 1.11 0.88 
 
 
2.3 Impacts of urban growth on urban and pre-urban agriculture  
2.3.1 Agricultural land dynamics 
2.3.1.1 Urban encroachment into peri-urban agricultural land 
The consequence of the rapidly expanding urban systems is the urban encroachment into 
valuable agricultural and forest lands and therefore affecting the resilience of social-ecological 
systems (Guzy et al., 2008, del Mar López et al., 2001, Fazal, 2000). The loss of prime 
agricultural land to urbanisation and associated urban growth can cause problems such as air 
pollution, competition for water, and conflicts over farm practices and the associated decline in 
agricultural productivity (Bradshaw and Muller, 1998).  
While the rate of urban expansion has been reported to be highest in SSA, there is documented 
evidence that indicates the loss of agricultural lands to urban development in other parts of the 
world. In India, the estimated extent of agricultural land lost to urban between 1955 and 1985 
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amounted to about 1.5 million hectares, with additional 800,000 hectares transformed into 
urban settlement between 1985 and 2000 (Fazal, 2000). In North America, urban growth in 
Michigan cut cropland from 16.5 million acres in 1982 to less than 10.0 million acres in 1992 
(Brown, 1995). In many cases majority of the land lost to urbanisation is most productive for 
agricultural production (Biswas and Biswas, 1978, Plaut, 1980, Morello et al., 2000). In China 
between 1996 and 2002, about 4 million hectares of cultivated land were lost to urban 
expansion with an annual average reduction of 821,000 hectares (Qi et al., 2005). In the 
Beijing–Tianjin–Hebei (BTH) region alone, 74% of the total new urban area was converted from 
agricultural land between 1990 and 2000, and the figure was as high as 81.0% when only small 
cities were considered (Tan et al., 2005).  
The situation is worse in SSA due to the absence of strategic urban planning frameworks to 
guide land-use conversion (Satterthwaite et al., 2010). As reported by Mundia and Aniya (2005) 
between 1976 and 2000 Nairobi grew by about 47 km2 with most of the encroachment taken 
up forest and agricultural lands. In Ouagadougou and Bobo-Dioulasso- Burkina Faso’s two main 
cities, and Kinshasa and Lubumbashi in the Democratic Republic of Congo, agricultural lands 
have been reported to have decreased substantially as a result of urban growth (Mabin et al., 
2013). Similarly, empirical evidence presented for the Nigerian city of Kano suggests that 
agricultural land is being threatened by urban encroachment due to an increased need for 
housing development (Lynch et al., 2001). In Tanzania, the Structural Adjustment Programme of 
the 1980s was reported to have led to the rapid urban expansion in Dar Es Salaam, pushing the 
poor settlers to the edge of the city (Briggs and Mwamfupe, 2000). The primary cause was the 
loss of urban agricultural lands and the need for the poor to produce their own food under the 
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then economic crisis. Worst still, most of the then newly acquired peri-urban farmlands have 
now been converted to urban development. Thus generally in SSA, urbanisation has led to a 
significant reduction of productive agricultural (Godfray et al., 2010). 
2.3.1.2 Agricultural land gains due to urban growth 
Exacerbating this problem is the ongoing population boom in SSA which has raised the need for 
increased food production. Over the last millennium, such increased food production has been 
met by opening up of new farmlands (extensification). Presumably, the same approach has 
been applied to compensate for agricultural land lost to urban growth: new agricultural lands 
are being opened to form new peri-urban areas. There have been reports that urbanisation is 
promoting the opening up of new agricultural lands especially increased use of the open 
spaces, undeveloped land, and backyard farming to produce household food. Also, the 
attraction of higher food prices and ready market (due to the close proximity to urban 
population) encourages farming in the peri-urban areas (DeFries et al., 2010). This leads to 
efforts by farming households to continue engaging in UPA. New areas along rivers, forest land 
and unused paces are opened up for agriculture us urban population grows, in Freetown, Sierra 
Leone Agricultural land increased by 43% between 1986 and 2000 due to urban population 
growth  (Drechsel and Dongus, 2010). Dar es Salaam, Kumasi and Khartoum also experienced 
UPA increase as a result of urban growth.  
Whether these new peri-urban areas are as productive as the lands previously lost to urban 
growth remains unclear. However, evidence suggests that the total agricultural lands lost to 
urban expansion are 1.77 times as fertile as the global agricultural land (d’Amour et al., 2016). 
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Based on this, d’Amour et al. (2016) extrapolated Africa’s lost agricultural lands to urban 
expansion as broadly three times as productive as average continental agricultural lands. Thus, 
it is most likely that the refugee urban household farmers are being pushed into less productive 
lands that barely would enable them to maintain their livelihoods. In some extreme situations, 
the outcome is disastrous as only 11% of the households that lost access to agricultural land to 
urban growth could replace the land (d’Amour et al., 2016) with the rest looking for 
employment in other sectors (Meyer and Turner, 1992). This has led to high unemployment 
rate I urban areas which is about 4 times higher in urban areas than rural areas (Ahaibwe and 
Mbowa, 2014). 
 
2.3.1.3 Land tenure systems  
Land tenure systems in many SSA countries have largely been held under customary land 
ownership, where access to land is through the traditional chiefs and councils (Gough and 
Yankson, 2000) other forms of land ownership include; freehold- privately titled land 
ownership, and leasehold- land owned by the state. Access to agricultural land in SSA is 
regulated by the aforementioned land tenure systems with customary being dominant in rural 
areas and formalized private land titling and registration in urban areas (Tacoli, 2003). In peri-
urban areas, both tenure systems exist and land market transactions are increasingly important 
which is often disadvantageous to the low-income households as competition for land 
intensifies 
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 However, customary ownership which was traditionally practised for the purpose of reserving 
land for current and future generations (Jayne et al., 2015) is now uncertain as the 
governments step up their involvement in land markets (Gough and Yankson, 2000). The 
replacement of customary tenure system has been reported to have an impact on the peri-
urban agricultural land transformations (Lynch et al., 2001). There is an increase in the 
proportion of the landless population as customary ownership which traditionally ensured all 
community members had access to land is being replaced by private transferable rights which 
largely favours the middle and wealthy groups (Jayne et al., 2015, Chimhowu and Woodhouse, 
2006). Currently, private transferable rights to land are predominant in urban and peri-urban 
areas and customary ownership only exists in rural areas (Chimhowu and Woodhouse, 2006). A 
significant shift in land ownership often involves marginalisation of the urban and peri-urban 
poor(Tacoli, 1998). 
2.3.2 Rural-to-urban migration affects agriculture 
As discussed above, in SSA urban population growth is exerting more pressure on the 
agricultural lands in the peripheries of cities, leading to accelerated land use change (Guyer and 
Lambin, 1993). This might also be due to the fact that the majority of SSA’s rural migrant 
workers preferring to live in peri-urban areas to engage in farming for survival. Based on the 
fact that majority of the rural-to-urban migrants are poor, reports indicate that they likely to 
settle in peri-urban areas where the cost of living is lower and attainment of a home is much 
more quickly than in the completely urban areas (Kombe, 2005). Peri-urban areas also attract 
low-income urban residents pushed out by increasingly high costs of living in urban centres 
(Tacoli, 2003) and middle-class urban people seeking a more rural lifestyle or cheaper land to 
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establish their residence (Douglas, 2006). As a consequence, the rural-to-urban migration 
affects UPA by increasing the population in the receiving areas, usually peri-urban areas, which 
could lead to the conversion of part of agricultural land to settlement and hence reduce food 
production. Unemployment rates are increasing over time from 1.9 % in 2005/06, to 3.6% in 
2009/10, and 5.1% in 2012 (Ahaibwe and Mbowa, 2014) 
Fig. 2.3 illustrates this point more vividly as a vicious cycle involving rural-to-urban migrants and 
resultant negative impacts. As the new low-skilled migrants settle in peri-urban and slum areas 
they end up with in informal employment and often mixed with practising UPA. As UPA 
generally targets more underdeveloped lands than the intensely built-up areas, this can lead to 
increase in UPA, in the peri-urban areas. In such a situation UPA may become the major source 
of household and urban market food supply, especially as UPA is tenable all year round because 
it benefits from urban waste manure for fertilization and wastewater for irrigation. However, as 
the demand for urban development increases due to other factors (economic and political), the 
pressure on urban and peri-urban lands increases leading to UPA lands declining. This might 
cause a short-termed decline in food production (and hence food security) until the displaced 
UPA practitioners (and new migrants) find new peri-urban areas and precinct where they can 
create new slums and resume UPA. A classic example of this scenario occurred in Dar Es 
Salaam, Tanzania between 1980 and 1990 (see section 2.3.1). 
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Figure 2.3 Conceptual framework of urban intensification and expansion (urban growth) in SSA 
 
2.4 Loss of agricultural lands to urban growth in SSA –impacts on food security 
  
2.4.1 Is UPA a significant contributor to food security? 
Broadly speaking, UPA plays a more significant role in food security in developing countries 
than in the developed world, as produce from UPA constitutes a large percentage of total crop 
production in the former. A study by Crush and Frayne (2011b) found that cities and urban 
centres in SSA where significant UPA was practiced tended to have higher proportions of food-
secure households than their rural counterparts. Additionally, many studies have suggested 
Rural-to-urban migration 
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that UPA is one of the possible solutions to address urban food security concern (Maxwell and 
Smith, 1992, Maxwell, 1995, Hovorka, 2006, Appeaning Addo, 2010, Arku et al., 2012, Crush et 
al., 2012, Philips, 2013, Maxwell, 1996). For example, Maxwell et al. (1998) provided evidence 
from Uganda of the existence of a strong downward link between UPA and malnutrition.  
In Africa generally, approximately 40 percent of the urban population is involved in UPA, as it 
provides a stable source of nutrient-rich food that would otherwise be unavailable (Corbould, 
2013). As stated above, over 20 million people are engaged in UPA in West Africa, providing 60–
100% of their fresh vegetables (Cohen and Garrett, 2010). Similarly by 2020, between 35–40 
million people in East and Southern Africa will be dependent on urban farming for part of their 
food (Lee-Smith, 2010). It is also reported that 67% of households in Nairobi are entirely 
dependent on self-produced food (Egziabher, 1994), although this is far much higher than was 
reported elsewhere (Table 2.3). In Addis Ababa, farmers grow vegetables commercially but the 
families consume some of their produce, saving 10–20% that would otherwise be spent on food 
purchase (Egziabher, 1994). In  Dar Es Salaam, marketed UPA outputs represent 54% of 
incomes of the households (Lanjouw et al., 2001). Overall UPA has multiple benefits by 
providing sufficient food and income to significant proportions of the urban population in SSA 
(Table 2.3).  
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Table 2.2 Percentage of households involved in UPA and percentage of food consumption provided by 
urban agriculture 
(Arku et al., 2012, Prain and Lee-Smith, 2010, RUAF, 2010, World-Bank, 2008, Cofie et al., 2003, Orsini et 
al., 2000) (*World Bank, 2008;**Arku et al., 2012; ***Prain and Lee-Smith, 2010; ****RUAF, 
2010; *****Orsini et al., 2000; Cofie et al., 2003) 
City % of 
household 
engaged in 
UPA 
 
Monthly income 
per farm size 
(US$) 
 
General net 
income per 
month (US$) 
Percentage of food 
consumption provided by 
urban agriculture 
All foods Vegetables 
Brazzaville 25** 80–270** 53** 80** 65***** 
Addis Ababa 50***    30**** 
Dakar  40–250** 46**  70–80** 
Maputo 37**    70–80** 
Kumasi 57** 35–160** 27** 58** 90** 
Accra 46** 40–57** 27**  90**** 
Nairobi 25–30* 10–163** 33** 50**  
Lagos  53–120** 27**   
Libreville 80**     
Dar es Salaam 37* 60** 24**  90** 
Kampala 30**   60**  
Harare 60–80*   20–30**  
Lusaka 45**   20–30**  
Yaoundé 35** 34–67** 53**  80** 
 
2.4.2 Are more urban dwellers food insecure due to urban growth?  
We have provided evidence indicating UPA plays an important role as a source of a significant 
proportion of the household food supply, income and employment. We have also seen that 
urban growth is occurring more on productive agricultural land than most other land uses. The 
latter scenario could directly lead to the reduction in aggregate food production especially in 
SSA where agricultural intensification is generally limited. 
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2.4.2.1 Urban growth impacts on aggregate food production and distribution 
Empirical evidence from across the world indicates that food production drastically declines 
(meaning more food insecure) as a consequence of loss of fertile agricultural lands to urban 
development. In particular, urban growth on the most fertile lands has a disproportionately 
large overall negative impact on net primary productivity (NPP). For example, in US alone the 
loss in NPP due to urban growth was equated to caloric needs of 16.5 million people (Imhoff et 
al., 2004). In India, about 48% of productive agricultural land lost between 1988 and 1998 was 
estimated to be equivalent to 39.7 % decline in food grains (Fazal, 2000). Even though there is 
no empirical evidence of food production decline in SSA caused by lands lost to urban 
development, there is little doubt that the decline is significant. In such a scenario, unlike 
developed world where these potential food losses can be more than compensated for by 
technological advances, the decline in food production is a big challenge for SSA.  
We can look at this from another dimension of accessibility to food, a factor affecting the 
volume and stability of food supplies. Generally, urban food traders source their food 
commodities from distant places as cities expand and reduce UPA production. Unfortunately, 
transport infrastructure in SSA is generally poor and worst still can be seasonal. These 
weaknesses further exacerbate the increasing correlations of the distances from the farm gates 
to the retail markets with retail prices. The higher positive correlation is not unconnected with 
food losses at the distribution phase. For example, FAO statistics (FAO, 2011) show that in SSA, 
food losses at the distribution phase were much larger (almost 60%) than losses at the post-
harvest and marketing/consumption phases (Fig. 2.4). This is in contrast with the developed 
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world where the proportion of losses at the consumption phase varied from 80–85%, with the 
remainder ascribed to post-harvest losses.  
UPA has been viewed as a logical response to distributional food losses and a way to reducing 
food prices for the urban poor (Drakakis-Smith et al., 1995). It is obvious that the proximity of 
UPA to urban consumers ensures the quality and quantity of food supplies to the cities (Garrett 
and Ruel, 2000). This is in contrast to a large proportion of the food sourced from rural areas is 
lost in transit, especially fruits and vegetables (Fig. 2.4). Godfray et al. (2010) found that 30–
40% of food produced in rural areas in the developing world perishes because of the absence of 
food-chain infrastructure and poor on-farm storage facilities.  The poor transport and food 
storage services in SSA means the distance between the location of production and 
consumption is important as a determinant of the quality and price of food. This makes UPA in 
SSA as vital as ever. 
2.4.2.2 Urban growth impacts on household income and food security (Reference to Table 2.3) 
Household income is very crucial to ensuring food security because it determines economic 
access to “sufficient, safe and nutritious food”, particularly in the developing world. Thus food 
security problems have been widely linked to income level, and hence poverty. This is because 
in SSA the poor generally spend more than half of their total income on food purchases (Potts, 
2009, Cohen and Garrett, 2010, Lee et al., 2011, Agboola and Balcilar, 2012, FAO, 2014). As a 
partial solution to this problem, the urban poor households with access to agricultural land 
often tap into the pool of their “under-employed” members as farm labour. However, with the 
loss of UPA land to urbanisation this problem is exacerbated by the under-employed becoming 
unemployed and fully dependants as they are unable to contribute to household food supplies.  
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Figure 2.4 Relative proportions of food (fruit and vegetable) losses at different stages of the food supply 
chain in SSA compared with developed countries (FAO, 2011). 
 
The indirect impacts of urbanisation on food security can be gauged by the rise in poverty and 
the increased occurrence of urban food riots in SSA (Cohen and Garrett, 2010, Berazneva and 
Lee, 2013), and increased malnutrition caused by rise in urban population and increasing loss of 
agricultural lands (Fotso, 2007). Urban residents in SSA are therefore among the most 
vulnerable in the world to food price hikes, more so because most of them are employed in the 
informal sector (Banerjee and Duflo, 2007, Potts, 1995, Cranfield et al., 2007, Rogerson, 1996, 
Smith et al., 2006).  
Furthermore, the emergence of large supermarkets in SSA, replacing locally owned small-scale 
food retail stores. has adverse effects on food distribution and marketing (d’Amour et al., 
2016). The first large supermarkets in many SSA counties were established between the 1970s 
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and 1980s, often located in capital cities. South Africa, Kenya, and Nigeria were initially the only 
African countries that experienced rapid expansion of supermarkets, however, almost each of 
the African countries has several supermarket outlets, the countries experiencing rapid growth 
of supermarkets include; Zimbabwe, Zambia, Namibia, Botswana, Swaziland, Mozambique, 
Angola, Uganda, Tanzania, and Ghana (Das Nair and Dube, 2015). In some African countries 
supermarkets already account for up to 75 percent of the food and grocery retail market (Crush 
and Frayne, 2011a). For instance, Kenya had less than 10 large supermarkets in the 1970s, 
however, by  2008 Kenya had over 220 large supermarkets spread in almost all regions though 
Nairobi still hosts the largest number owing to its large population of both local and foreign 
residents (Neven and Reardon, 2008). Currently, there are several South African large 
supermarkets spread in many African countries especially in Southern and Eastern Africa. 
Several supermarkets due to their stringent quality standard, small-holder farmers usually fail 
to meet the required quantity and quality standard (Das Nair and Dube, 2015) which leads 
supermarkets to procure the supplies from their subsidiary companies (Ngugi et al., 2007).  
Usually, these large supermarkets, whose source of fresh food supplies from large agricultural 
producers, are out-competing the UPA farmers.  Like in any vicious effect, this invariably leads 
to lost incomes by the UPA farmers- worsening their already low purchasing power; they 
become incapable of affording food supplies from the small and large supermarkets (Godfray et 
al., 2010) which may lead to undesirable extreme hunger. However, it is not all doom and 
gloom. Based on average estimates from many studies, UPA in many SSA cities can provide an 
income of between US$40 and US$140/month—much larger than the average general 
household income (Table 2.3). This could be one of the motivation factors that has made urban 
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residents continue farming. In fact, as demonstrated in Table 2.3 many SSA cities have more 
than 30% of urban residents engaged in UPA (with some cities e.g Libreville, Gabon and Harare, 
Zimbabwe, up to 80% of their urban population). Consequently UPA is still a significant source 
of urban food as it provides a large proportion of foods sold in many urban markets in SSA, for 
instance almost 80% of all foods sold in Brazzaville, Congo and more than 50% of all foods sold 
in Kumasi, Ghana, Nairobi, Kenya and Kampala, Uganda come from UPA (Table 2.3). 
2.4.2.3 Proportion of the population who are food insecure 
It is clear that the loss of farmlands to urbanisation is a serious threat to food security especially 
in regions where already many people are malnourished. According to the USDA (2010) food 
security in SSA is projected to deteriorate, and as a result, the number of food-insecure people 
will exceed 500 million out of the expected population of one billion by 2020. While much of 
this is ascribed to climate change, rapid urbanisation could be a significant culprit. Tacoli (1998) 
observed that the transformations occurring in the peri-urban areas in Africa often involve the 
marginalization of urban poor because of significant shifts in land ownership and employment 
patterns; this has significant negative effects on urban household food security. In support of 
this premise, research on urban poverty and food insecurity has indicated a strong link between 
access to land and secured household food supply (Holden and Ghebru, 2016). 
From a global perspective, 65% of all countries faced with food emergencies are in Africa, 
predominantly in SSA. For example, severe cases of food emergencies were recently 
experienced in several SSA countries: Zambia, Zimbabwe, Ethiopia, Somalia and Eritrea. 
Therefore the issue of food insecurity in SSA with the children being among the most vulnerable 
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has remained of major concern (Clover, 2003). Sadly enough, SSA is the only region of the world 
in which chronic food insecurity and a threat of famine remain endemic for the majority of the 
population. Worst still, the number of malnourished people is steadily increasing. In 2010, an 
estimated 32% of the SSA’s urban population suffered from malnutrition, in contrast to 4% in 
other developing countries (Baro and Deubel, 2006). Further evidence suggests that the 
situation can be exacerbated by the rapid urbanisation that is limiting urban poor households 
from engaging in UPA (Maxwell et al., 1998). Thus, while food insecurity was always regarded 
as a rural problem, a significant proportion of urban dwellers in SSA are almost equally affected 
by food insecurity (Fig. 2.5). As such the focus on food security concern is now beginning to 
shift to the cities (Stage et al., 2010, Crush et al., 2012).  
 
Figure 2.5 Proportion of rural and urban population experiencing incidences of hunger in selected SSA 
countries (Cohen and Garrett, 2010) 
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2.5 Need for more multidisciplinary research on interrelationships of urbanisation, urban 
agriculture and food security 
 
We found enough evidence to suggest that urbanisation is having negative impacts on UPA in 
SSA, through the rapid urban growth brought about by population pressure, especially the 
rural-to-urban migration. This is likely to continue into the future as long as the medium to 
long-term trend in SSA nations is for economic growth. There is, therefore, a need to keep track 
of these developments and trends as they relate to food security problems in general, and 
urban food insecurity specifically. Therefore with emphasis on SSA, we propose the following 
research directions to understand the interrelationships among urbanisation, urban agriculture 
and food security: 
1. Loss of fertile agricultural land to urban expansion raises concerns as to whether the 
expanding peri-urban and the surrounding semi-rural areas are productive enough to meet 
the food needs of the increasing number of urban dwellers. Little is known about how 
urban expansion that pushes peri-urban farmers into potentially less productive areas could 
cause a decline in overall agricultural production. Therefore, there is a need for more 
research to elucidate the loss of quality land to urban development and associated impacts 
on overall agricultural production and urban food security. 
2. The effects of variable urban food prices on food security are complex and require more 
research. There is a need to focus on monitoring the medium- to long-term trends in urban 
food prices in SSA to shed more light on the link between urban expansion and food 
security. Past food crises in SSA have been attributed to global food and energy price hikes 
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(Staatz et al., 1990, Maconachie et al., 2012). Similarly, urban food security has been 
reported to be very sensitive to changes in food prices. For example, the impact of the 2008 
global food crisis, exacerbated by rapid urbanisation, was found to cause concentrations of 
poverty and higher per capita costs to the environment (Yap, 2012).  
3. Traditionally in SSA, urban food supplies are mainly sourced from rural agriculture 
supplemented by UPA produce. However, rural agricultural production is often constrained 
by small landholding systems which more often than not fail to produce a marketable 
surplus (Wodon and Zaman, 2008). UPA is on the rise in SSA. Therefore the potential of UPA 
as an inclusive, pro-poor development activity needs to be evaluated to enable responsible 
government agencies to incorporate agriculture in urban planning (Crush et al., 2011, Yap, 
2012). This will also provide information on UPA’s contribution to urban food supplies.  
4. Despite the growing importance of the urban phenomenon in Africa, urban planning in SSA 
has been neglected for too long by researchers, policymakers, and international 
organizations, in part because of the perceived importance of rural over urban populations 
(Silva, 2012). This has led to a low quality of urban data. Studies focusing on urban food 
production require standardization of definitions and design so that quantitative data can 
be collected and rigorously analysed.  
5. Lack of reliable data on the extent of urban/peri-urban areas being used for farming has 
also affected the development of policies on sustainable management of urban farming 
(Appeaning Addo, 2010). Therefore, there is the need to assess the proportion of previous 
UPA lands that remain under farming as cities expand. Evidence suggests that urban 
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residents continue to farm in increasingly constricted environments as the cities expand. 
This demonstrates the importance of UPA.  
 
 
2.6 Conclusion 
 
This review focuses on the state of urbanisation, urban expansion and UPA vis-à-vis food 
security in SSA. The main driving forces of rapid urbanisation in SSA were identified as rural-to-
urban migration, rural poverty, and civil unrest prevalent in SSA. UPA plays a key role in 
providing food for the urban population, particularly for low-income earners. However, the 
future of UPA is uncertain owing to continuing urban growth. The rate of urban expansion in 
SSA is a major threat to sustainable development and planning because urbanisation is 
considered to have negative impacts on agriculture through the loss of prime agricultural lands. 
Despite this, urban residents have continued to adopt survival strategies such as supplementing 
food through UPA and informal trade, thus contributing to addressing the omnipresent food 
insecurity in SSA. However, food security for the urban poor is at risk of deterioration because 
the new peri-urban areas created by urban expansion are likely to be less productive than the 
original peri-urban from where the urban poor dwellers were pushed from. 
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Abstract 
Urbanisation rate in Sub-Saharan Africa (SSA) is currently the fastest globally due to rapid 
population growth caused by rural-to-urban migration. However, little attention has been 
focused on understanding the dilemma of urban growth vis-à-vis agricultural land decline, given 
that agriculture is the major economic activity in this region.  Using a conventional matrix 
derived from the multi-temporal land use and land cover (LULC) classification of Landsat 
images, we explored the effect of urban growth on the loss of agricultural land and other 
natural ecosystems focussing on Kampala (a megalopolis) and Mbarara (a regional urban 
centre) in Uganda. In addition, we separated LULC transformations in the landscape to random 
and systematic transitions on a basis that a landscape transition is systematic if a LULC category 
gains from other categories irrespective of the availability of the other losing categories. But if 
the proportion of gains is with respect to the availability of the losing categories then it is 
random. We found that urban area had expanded from 7.14% of the landscape in 1989 to 
55.10% by 2015 in Kampala. Agricultural land had decreased from 48.02% in 1989 to 16.69% of 
the landscape in 2015. In Mbarara, urban area increased from 6.37% in 2002 to 30.96% in 2016 
and agricultural land decreased from 39.92% to 32.08% of the landscape. In addition, 
agricultural land in Mbarara had higher swapping change of 34.18% compared to 17.37% for 
Kampala. Moreover, LULC transformations in both cities had a systematic transition between 
built-up and agricultural land. Agricultural land had a higher tendency to transition than to 
persist. These findings could be used as a basis for assessing the current state of urban and peri-
urban agriculture which is an essential component of food security in SSA and for further 
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investigation of the diversity and quality of soils lost to urban growth. These would guide the 
policymakers and urban planners and conservationists to design a suitable framework for 
sustainable urban planning and development. 
3.1 Introduction  
 
Rapid urban growth has been one of the leading causes of the recent drastic decline in 
agricultural land globally (Foley et al., 2005). Urban growth affects both the arable land size per 
capita (reducing the size due to increased populations) and the quality of agricultural land. 
Studies in developed and middle-income countries report several incidences of urban 
encroachment on prime agricultural land. For example studies in the United States (Vining et 
al., 1977, Plaut, 1980, Theobald, 2001, Imhoff et al., 2004), China (Brown, 1995, Gar-On Yeh and 
Li, 1999, Qi et al., 2005, Tan et al., 2005, Xie et al., 2005, Chen, 2007), Puerto Rico (del Mar 
López et al., 2001), India (Fazal, 2000), and recently in Malaysia (Elhadary et al., 2013) have 
revealed that most urban expansion in the major world cities is encroaching onto fertile 
agricultural land. Although the exact quantity and quality of agricultural land lost to urban 
encroachment in Africa is not well documented, a study by Meyer and Turner (1992) reported 
that the expanding cities in developing countries were encroaching on productive agricultural 
land and pushing farmers into less fertile lands that could barely enable them to maintain their 
livelihoods. Another study in several Governorates of Egypt found that a significant proportion 
of urban expansion was at the expense of the most fertile land and pushing farmers into non-
productive lands (Lenney et al., 1996, Lawrence et al., 2002, Shalaby and Tateishi, 2007).   
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Land use and land cover (LULC) transformation is fastest in peri-urban areas of the developing 
countries(Angel et al., 2011). For the past two decades, peri-urban areas in Sub-Saharan Africa 
(SSA) have experienced a drastic transformation of the landscape from natural ecosystem to 
urban uses. The driving force behind this transformation is the rapid population growth caused 
by the influx of the people from rural areas to urban centres (Potts, 2012). The attraction of the 
existence of the informal economic sector in SSA urban centres that employs 65–80% of the 
urban population and the push forces existing in rural areas are the leading causes of rural-to-
urban migration (Beauchemin and Bocquier, 2004). Although some studies have reported a 
substantial decline in migration in some SSA cities (Potts, 2009), projections indicate urban 
growth will continue beyond the next 30 years (UN-Habitat, 2008).  
The rise in urban population has accentuated the need for increased food production through 
intensification and/or extension of agricultural production (Elnagheeb and Bromley, 1994, 
Erenstein, 2006, Pretty et al., 2011). As such, the opening up of new farmlands both far from 
and in the vicinity of urban centres has been a common practice to meet higher food demand 
(Erenstein, 2006). This led to an increased land area under agriculture, with urban and peri-
urban agriculture (UPA) contributing their part, albeit on a small scale. In East Africa, the land 
loss and gain analysis show that due to urban growth of Nairobi city, forest and agricultural land 
were converted into urban areas. However, because of increased need for food production, 
urban farmers converted forest land and swamps into farmlands thereby increasing agricultural 
land by 800 ha between 1976 and 1988 (Mundia and Aniya, 2005). Similarly, in Dar Es Salaam 
agricultural land in peri-urban areas increased as the result of structural adjustment 
programmes in the 1990s but recent LULC assessment reveals urban intensification has 
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significantly reduced agricultural land (Briggs and Mwamfupe, 2000). This was attributed to 
unregulated urban growth without protection of farmlands from urban encroachment and 
urbanisation of poverty (Kombe, 2005, Briggs, 1991). This has led to a massive reduction of 
productive agricultural land (Godfray et al., 2010). Thus the conversion of agricultural lands to 
built-up areas has generally outpaced the agricultural land gains leading to an overall decline of 
agricultural land especially in peri-urban areas (Bradshaw and Muller, 1998, Fazal, 2000).  
In Uganda, a long-term monitoring and assessment of arable land show that arable land is on a 
gradual decline over years. In 1931, arable land in acre per capita was 12.844, this decreased to 
5.13 acres per capita in 1969, to 2.717 in 1991 and 1.976 in 2000 (NEMA, 2001). Based on this 
trend it was projected to decline to 1.482 acres per capita by 2015. In addition, it has been 
observed that the overall soil quality at the national level has declined (Gold et al., 1999). As a 
consequence, soil erosion, nutrient depletion, and soil management practices (Pender et al., 
2004, Lufafa et al., 2003) and soil quality loss as a result of LULC changes from natural 
ecosystems to agricultural land have been investigated (Majaliwa et al., 2010, Wasige et al., 
2013). However, the implication of rapid urban growth in regional urban centres and large cities 
for agricultural land and soil quality/productivity in Uganda has not been specifically assessed. 
Thus, the information on the dominant urban landscape transformations and the nature/signal 
of LULC transitions occurring in urban centres in Uganda generally lacking.  
The aim of this study was to assess the loss of agricultural land to urban expansion using two 
urban and peri-urban centres in Uganda, namely Kampala and Mbarara as case studies. The 
study also identifies the dominant signals of land use and land cover (LULC) changes with the 
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focus on landscape transitions involving agricultural land. While Kampala is the 13th fastest 
growing city in the world, according to UN-Habitat (2010)  one out of four people in Kampala 
lives in a slum area and partly depends on urban agriculture, Mbarara is the fastest growing 
regional urban centres in Uganda (UN-HABITAT, 2012). Although Kampala and Mbarara are 
urban centres chosen from many other urban centres in the SSA, the observable features of 
urban growth in these centres are so similar to other cities in SSA. Kampala and Mbarara as 
case studies are representative of rapidly growing major urban centres in SSA that are 
experiencing loss of prime agricultural land. Therefore, the conc1usions based on them should 
form a valid basis for generalization.  
3.2 Materials and Methods 
 
3.2.1 The background of study sites  
The study focused on two urban centres: Kampala, Uganda’s capital and largest city, which is 
situated on 0.3476° N and 32.5825° E. The specific area of interest for Kampala lies between 
Latitude 000 29’ 00” N, Longitude 0320 24’ 10” E and latitude 000 28’ 10” N, Longitude 0320 46’ 
12” E, covering an area of about 1940 km2  which forms  the Greater Kampala Metropolitan 
Area (GKMA). GKMA is home to almost all industries in Uganda and has the largest contribution 
to Uganda’s gross domestic product (GDP).  
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The history of urban centres in Uganda like those of other SSA countries reveals that the major 
centres started during the colonial period (Thomas, 1970). For instance, Kampala started in 
1902 as a small administrative centre gazetted on about  0.7 km2 of land reserved exclusively 
for European settlement (Handbook, 1904, Omolo-Okalebo et al., 2010). The city expanded in 
size to 12.95 km2 by 1929 (UBOS, 2002) and by 1959 the city had expanded to 21.76 km2 
(Prabha, 1993).  
The expansion was mainly through annexing adjacent townships and rural areas to form 
Kampala Township. The city boundary by 2013 covered about 190 km2:  about 23% of its area 
fully urbanized, a significant portion (60%) semi-urbanized (peri-urban), and the rest considered 
as rural settlements (KCCA, 2012). The administrative boundary of Kampala has been expanded 
to create Greater Kampala Metropolitan Area (GKMA) which engulfs the additional smaller 
urban centres around the city. GKMA is rapidly experiencing land use and land cover (LULC) 
changes, dominated by the conversion of rural landscapes into urban uses (Lwasa, 2007) and 
covers an area of over 839 km2 (KCCA, 2012). Globally GKMA is the 13th fastest growing city 
(http://www.citymayors.com/) with a population of little over 3 million and a population 
density of 9,429.6/km2 but the population is projected to grow to 5 million by 2025 and to 10 
million by 2040 (KCCA, 2012).  This study is an extension of the previous studies by (Vermeiren 
et al., 2012) which focused on urban growth and various development models. 
Kampala is one of the major SSA with high urban growth rate and population growth (UN, 
2016).  

Chapter 3            Assessing the diminishing agricultural land in urban and peri-urban areas 
56 
 
The second study site is Mbarara which is a major regional urban centre, is located 0.6072° S 
and 30.6545° E in Western Uganda. The specific area of interest for Mbarara lies between 
latitude 000 33’ 09” S, Longitude 0300 35’ 28” E and latitude 000 33’ 31” S, Longitude 0300 42’ 
04” E, equivalent to an area of about 246.5 km2 (Fig. 3.1). Like Kampala, Mbarara started as a 
commercial centre around 1950, is currently the fastest growing urban centre in Uganda. In 
1957, it attained township status under the British Administration and was elevated to 
municipality status in 1974. It is now the second largest urban centre in Uganda and currently 
covers a total area of 51.47km2, with an urban population growing at 4.5% per annum (UN-
HABITAT, 2012). 
Unlike Kampala and other SSA megalopolises aforementioned, Mbarara, on the other hand, is 
in the category of regional urban centres with close to 1 million people. Regional urban centres 
and other smaller urban centres in size have higher agricultural activities occurring in urban and 
peri-urban areas. In addition, Mbarara, Nakuru, Kisumu, and Kumasi experience urban 
expansion rate of over 5% in the last decade (Mubea and Menz, 2012). As aforementioned, the 
observable characteristics of Kampala and Mbarara which include rapid growth rate, high 
unemployment rate, over-reliance on the informal sector and having urban and peri-urban 
agriculture as an important source of household food supply, make Kampala and Mbarara 
representative of rapidly growing megalopolis and regional urban centres in SSA respectively. 
3.2.2 Data sources  
The multi-temporal Landsat images between 1989 and 2015 were obtained for Kampala site. 
This period recognised as the period of economic development. Kampala Started rapid urban 
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growth in 1989. Three-time interval which represents phases of development considered 1989, 
2001, and 2015. The data used in this study included Landsat images, aerial photos, and field 
survey observation points. The Landsat images were downloaded from the Landsat archive of 
the US Geological Survey (USGS) Earth Explorer portal (http://earthexplorer.usgs.gov/). The 
study area for Kampala lies in path 171 and row 60 of Landsat TM and ETM+. The multi-
temporal analysis required images from different time periods. The Kampala Landsat images 
used were those acquired on the 27th February 1989, 27th November 2001, and 27th February 
2015.  
Unlike Kampala which had a significant proportion of the landscape built-up, Mbarara, was just 
a very small town with a small built-up centre in 1989. Mbarara which lies in path 172 and row 
60, only started experiencing considerable growth in the early 2000s. Thus, 2002 was selected 
to represent the initial time period. Mbarara the images were acquired on 13th May 2002 and 
05th February 2016. The Landsat ETM+ and TM images used for both study sites were of 30 m 
resolution. 
We tried as much as it is practicable to select cloud-free images and made sure that multi-
temporal images fall within the same season in order to avoid any bias related to climate 
variation (Mertens and Lambin, 2000). The use of Landsat imagery to monitor land-use change 
are useful in land cover change detection (Seto et al., 2002).  
The aerial photographs were obtained from the Uganda Lands and Survey Department. The 
photos for Kampala were those taken in 1959, 1973, 1993. While the photos for Mbarara were 
those taken in 1973, 2001, 2006 using low flying aircraft. Additional samples were obtained 
Chapter 3            Assessing the diminishing agricultural land in urban and peri-urban areas 
58 
 
from visual analysis of high-resolution Google Earth images. These provided the initial 
information for unsupervised image analysis was performed to which grouped LULC into 14 
categories.  
This was followed by the two field visits. The first fieldwork was conducted between August and 
October 2014 as a reconnaissance survey of the study area and to identify the dominant land 
use and land cover categories in the landscape for supervised LULC classification. The selection 
of the ultimate dominant classes was based on the observations during the reconnaissance 
fieldwork.  Field observation data obtained from the reconnaissance fieldwork were also used 
for training purposes in the image classification. 
The second fieldwork followed between July and December 2015 provided additional field 
observation data used for validation and accuracy assessment. The field observation data 
collected targeted the dominant LULC categories that had been identified from the 
unsupervised classification and the reconnaissance survey. These included: built-up areas, 
agricultural land, wetlands, savannah, and water surfaces for Kampala, while for Mbarara 
dominant classes were;  built-up, agricultural land, savannahs, grazing land, and others. An 
overview of the data sources and processes used in this study to determine the loss of 
agricultural land and general LULC transition in both cities is presented in Fig. 3.2.  
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Post-classification validation was performed to assess map accuracy.  Both the training and 
validation samples focused on areas that did not experience a change (persistence) between 
the dates of Landsat data, a basis to create the signature for each LULC class. The approach of 
using known unchanged land use location to perform multi-temporal image classification is well 
established in LULC (Mertens and Lambin, 2000, Braimoh, 2006). Accuracy assessment involved 
the use of an independent data set from that used for training to avoid overestimation of 
classification accuracy (Congalton, 1991). The accuracies of the classified land cover maps were 
assessed using 400 validation points outside of the training sites for Kampala and 230 points for 
Mbarara. The compiled LULC outputs were post-processed to produce transition matrices: 1989 
to 2001, 2001 to 2015, and 1989 to 20150 for Kampala and 2002 to 2016 for Mbarara. Further 
post-classification analyses which involved the assessment of the transition matrices to identify 
the gains, loses, persistence and the dominant signals of change between LULC categories 
within the landscape are described in the next section. 
 
3.2.4 Post classification change analysis: gain, losses and persistence 
 
The comparative analysis of spectral classifications for time 1 and time 2 produced 
independently discussed in the previous sections has been widely recommended as the clearest 
method of change detection (Singh, 1989, Mas, 1999, Seto et al., 2002). However, it is 
necessary to include post-classification change detection analysis which involves a conventional 
transition matrix comprising cross-tabulation tables in which the rows show the categories of 
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the map from initial time 1 and the columns show the categories of the map from a subsequent 
time 2 (Pontius et al., 2004). A detailed approach of computations involved to detect systematic 
landscape changes based on deviations of observed patterns of change from the expected 
random patterns of change including formulae are presented by Pontius et al. (2004) and later 
by Braimoh (2006). On the margins of the transition matrix, the row totals indicate the land use 
and land cover (LULC) by category in the initial time 1 and column totals indicate LULC by 
category in the subsequent time 2 (Manandhar et al., 2010). These produce tables that identify 
the dominant signals of landscape transitions, indicating whether the transitions among the 
categories are systematic or random in nature. 
3.2.4.1 Transition matrix  
The LULC map produced from the multi-temporal analysis of Landsat image described in the 
previous section is used to derive the transition matrices showing changed and unchanged 
locations in the landscape. The conventional LULC change matrix is formatted such that the 
rows display the categories of start time 1,in this case is year 1989 for Kampala and 2002 for 
Mbarara and the columns display the categories of the most current time 2 which was 2015 for 
Kampala and 2016 for Mbarara (Pontius et al., 2004, Braimoh, 2006, Alo and Pontius, 2008, 
Manandhar et al., 2010). 
However, to assess the nature of change and dominant landscape changes to determine 
whether the LULC transitions are random or systematic, the conventional LULC change matrices 
have to be extended to include loss and gains. This was  recommended by Pontius et al. (2004) 
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from category i to a different category j. The off-diagonal entries in the row indicate loss 
whereas those in the column indicate gain (Braimoh, 2006). The off-diagonal entries have been 
used to identify the dominant signals of landscape change by differentiating between 
systematic and random transitions of the landscape over two time periods. This analysis uses 
the observed and expected transitions to identify whether the changes that occurred are as a 
result of a systematic process or due to an apparently random process (Manandhar et al., 2010, 
Rawat and Kumar, 2015). The entries on the leading diagonal of the matrix are used to 
determine the unchanged (persistence) part of the landscape which generally reveals the static 
state of the landscape between time 1 and time 2 (Pontius et al., 2004). 
 In the total column, the notation Ri+ denotes the ratio of the landscape in category i in time 1, 
which is the sum of overall j of Rij. In the total row, the notation R+j denotes the ratio of the 
landscape in category j in time 2, which is the sum over all i of Rij.  
Analysis of the matrices with a chi-square approach in Equation 1 compares observed values to 
expect that are generated by random chance. This approach computes the expected values 
from the known total, Ri+ and R+j. The expected proportion of the landscape that experiences a 
transition from category i to category j due to random chance is Ri+ * R+j and the expected 
ratio of the landscape that experiences persistence of category j due to chance is Rj+ * R+j.  
3.2.4.2 Gains and losses assessment 
The cross-tabulation matrix is extended to derive the gross gains and gross losses by categories. 
For example, 1989 and 2001, 2001 and 2015, and 1989 and 2015 were grouped to assess the 
transition of the categories for Kampala while 2002 and 2016 for Mbarara. The gross gain for 
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each category is derived by subtracting the persistence from the column total, while the gross 
loss is computed by subtracting the persistence from the row total. Persistence which indicates 
the proportion of different land covers that were static is shown in the diagonal (Table 3.1).  
The interpretation using persistence indices from Braimoh (2006) is as follows: when 
loss/persistence ratio (lp) value is 1 it indicates a higher tendency of a category to transition 
(lose) to another category. Likewise, when the gain/persistence ratio (gp) value is 1 it indicates 
a higher tendency of a category to gain from other landscape categories than to persist. While 
the net change to persistence ratio (np =gp - lp) indicates the tendency of each category to lose 
to (negative value) or to gain from other categories (positive value). 
3.2.4.3 Total change on the landscape, net change, and swap 
The net change of a category in the landscape is the difference between its total gain (column 
total) and the total loss (row total). For example, in the landscape the conversion between two 
different categories X,Y, and Z may involve category X losing to category Y in one part of the 
landscape and simultaneously category X can gaining from category Z in another part of the 
landscape. This form of loss in one part followed by a gain in another part of the landscape is 
known as swap change (Pontius et al., 2004, Braimoh, 2006).  The process of swapping thus 
implies a loss of agricultural land in one location could be compensated by the same gain of 
agricultural land in another location. The concept of swap is essential in understanding the land 
cover changes due to urban expansion. For instance, as the city grows as a result of increased 
population, agricultural land on the peripheral of the cities is converted into built-up and 
settlement, on the other hand, new agricultural fields are created farther or from nearby 
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wetlands, forests, savannahs, and other unused lands. The amount of swap (S) for each 
category j is twice the minimum value of the gain and loss (Equation 2) because each grid cell 
that loses is paired with a grid cell that gains to create a pair of grid cells that swap (Pontius, 
2004): 
Sj = 2 * MIN (Rj+ − Rjj, R+j − Rjj) ………………………...…………………..……(2) 
The change for the landscape is equal to the total gains of the individual categories, which is 
equal to the total losses of the individual categories. The total change for each category is the 
sum of its swap and the absolute value of net change (sum of its gross gain and its gross loss). 
However, the sum of the changes in the individual categories, swap, and net change in the 
landscape is twice their respective change in the landscape because a change in one grid cell 
counts as a gain in one category and a loss in another category.  
3.2.5 Assessment of the principal signals of inter-category transitions in the landscape 
Gains and losses of LULC categories over time can be due to random or systematic patterns of 
landscape change. The random process of expected gain of a category is computed by 
distributing observed gains among the off-diagonal entries of categories according to their 
relative proportions at time t1 using the formula (Pontius et al., 2004); 
…………………..… ji  ..……………………………...(3) 
Where; Gij is the expected transition from category i to j under a random process of gain, R+j is 
the column total of category j, and Rjjis the persistence for category j; thus, (R+j- Rjj) is the 
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observed gain for category j, Ri+ is the row total for category i, and Rj+ is the row total for 
category j; thus, (100 - Rj+) indicate sum of row totals of all the categories except the category j.  
Like in Equation 3 above, the expected losses can also be calculated by distributing observed 
losses among the off-diagonal categories relative to their proportions at t2, using the formula 
(Pontius et al., 2004); 
……………… ji  ……………………………………...(4) 
where Lij is the expected transition from category i to j under a random process of loss, R+i is 
the row total of category i, and Riiis the persistence for category i; thus, (Ri+- Rii) is the 
observed loss for category i, R+j is the column total for category j, and Ri+ is the row total for 
category i; thus, (100 - Ri+) indicate sum of column totals of all the categories except the 
category i.  
Equation (3) and Equation (4) above assume that the gross gain/loss of each category is known 
and fixed, and thus distributes the gross gain/loss across the other categories according to the 
relative proportion of the other categories at the initial time. The relative differences between 
observed and expected gains/losses are then compared to derive a measure of the dominant 
signal of land cover transitions between land use categories. Large deviations from 0 indicate 
that systematic inter-category transitions, rather than random transitions, occurred between 2 
land use types (Braimoh, 2006). Positive values indicate the inclination of one category to gain 
or lose, while negative values indicate a disinclination of one class to gain or lose. It is possible 
for systematic gain or loss of one category from another category to occur independently of any 
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reciprocal systematic gain or loss. For a more conclusive evidence of the dominant signals of 
landscape change, category Y must gain systematically from category X and category X must 
lose systematically to category Y between time 1 and time 2 (Alo and Pontius Jr, 2004, Braimoh, 
2006, Alo and Pontius, 2008, Manandhar et al., 2010).  
 
3.3 Results and Discussion 
  
3.3.1 Land use and land cover classification 
3.3.1.1 Accuracy assessment  
The overall accuracy and the kappa index of agreement of the compiled LULC maps for the 
different years are presented in Table 3.2. Overall accuracy is generally above 80% and the 
kappa index of agreement is above 0.8. The main sources of classification errors are related to 
the classification of closely related land uses like land under fallow which can be agricultural 
land or savannah &other, grazing land and savannah, and grazing land and agricultural land also 
had greater classification confusion. 
Table 3. 2 Overall and kappa accuracy of final LUCC maps of Kampala and Mbarara 
Sensor Date 
Site Overall 
classification 
accuracy 
Kappa index of 
agreement 
Landsat TM 27/02/1989 Kampala 85.6 % 0.80 
Landsat ETM+ 27/11/2001 Kampala 90.00% 0.87 
Landsat OLI/TIRS 27/02/2015 Kampala 89.9 % 0.86 
Landsat ETM+ 13/05/2002 Mbarara 92.0% 0.89 
Landsat OLI/TIRS 05/02/2016 Mbarara 93.48% 0.90 
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3.3.1. 2 urban growth and land use and land cover (LULC) changes  
 
3.3.1.2.1 Urban growth in Kampala between 1989 and 2015  
Fig. 3.3 shows the observed LULC changes of GKMA between 1989 and 2015 as a result of 
urban growth. In 1989, the GKMA was relatively small with a low level of urban intensification. 
Between 1989 and 2001 the built-up area expanded in all directions with a large proportion of 
growth occurring along the main roads connecting neighbouring towns. Generally, all the maps 
in Figure 3.3 indicate a higher tendency for savannah, agricultural land to change to built-up in 
the areas close to the city centre. Also between 1989 and 2001 some parts of the city had a 
substantial amount of agricultural land change to savannah and other. This was mainly in the 
southern and western parts of the city. However, the rate of expansion appears to have 
accelerated between 2001 and 2015 (Fig. 3.3). The 2015 map indicates an exponential 
expansion of built-up area and a generally corresponding decrease in agricultural land, and 
savannah & other. 
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Figure 3. 3 LULC categories in the landscape in 1989, 2001, and 2015 in Kampala. 
 
Urban growth in Kampala is not only associated with the expansion of the built-up land into 
peri-urban and rural lands but also the existing built-up centres have experienced 
intensification where open green space and agricultural land converted to settlements (Fig. 
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3.3). Quantitatively, built-up area increased from 41.54 km2 to 320.68 km2 between 1989 and 
2015, concurrently, agricultural land decreased from about 279.5 km2 in 1989 to about 
97.12km2 by 2015 (Fig. 3.4). As expected, there is an inverse relationship between the overall 
change in built-up area and agricultural land as depicted by the observable decrease in 
agricultural land between 1989 and 2015 with a large proportion transitioning to built-up 
category (Fig. 3.4). The land use and land cover changes were more intense between 2001 and 
2015 as depicted by the Figure 3.4 graph steepness in that period. 
 
Figure 3.4 Land use and cover changes between 1989 and 2015 in Kampala 
 
3.3.1.2.2 Urban growth in Mbarara between 2002 and 2016 
Mbarara urban centre, like Kampala, has experienced substantial urban growth which has led to 
LULC chances including the loss of agricultural land to urban growth. As the city continues to 
expand, the built-up area around the city centre intensifies and some parts away from the city 
centre (peri-urban area) experienced an increase in built-up area. On the other hand, 
agricultural land decreased close to the city centre but increase in the far away parts (Fig. 3.5).  
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Figure 3.5 Observed urban expansion and LULC changes between 2002 and 2016 in Mbarara 
 
The size of the major water stream in Mbarara decreased between 2002 and 2016.  Also Fig. 3.5 
also indicates that relatively far away from the city centre, savannah transitions into grazing 
lands, however, close to the city centre savannah changes to agricultural land or built-up 
environment.  
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3.3.2 Land use and land cover transitions  
3.3.2.1 Net change, persistence, and swap of LULC categories  
Tables 3.3 shows the summary of the proportion of each category, persistence, gain, loss, 
gain/loss ratio, total change, swap, and absolute net change for Kampala. Built-up land, 
savannah &other, and agricultural land had the highest LULC change between 1989 and 2015. 
Built-up category increased approximately 8 times while agricultural land decreased about 3 
times in that period. With the exception the proportion of the built-up category having higher 
persistence, agricultural land and savannah &other had a lower proportion that persisted. 
Persistence which generally reveals the static state of the landscape between time 1 and time 2 
(Pontius et al., 2004) is an indication of no change.  
More than half of the total gains were to built-up category and more than half of the total loses 
involved agricultural land (Table 3.3) and 2015, almost half of the total landscape that was 
under different categories in 1989 had converted to built-up by 2015. In terms of loss, 
agricultural land had the highest loss accounting for over 40% followed by savannah & other 
with 27% of the landscape. Swapping change was highest in savannah & other, and agricultural 
land.  
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Table 3.3 Summary of landscape changes between 1989 and 2015 for Kampala 
 
Total 
1989 
Total 
2015 persistence Gain Loss Gain/loss Swap 
Absolute 
value of 
net change 
Total 
change 
------------------------------------------------------------%----------------------------------------------------------------------- 
Built-up 7.14 55.10 6.44 48.66 0.69 70.21 1.39 47.96 49.35 
Waterbody 0.68 0.66 0.64 0.02 0.04 0.37 0.03 0.03 0.06 
Wetland 8.23 6.40 2.03 4.37 6.20 0.71 8.74 1.83 10.57 
Savannah &other  35.92 21.15 8.92 12.23 27.00 0.45 24.46 14.77 39.23 
Agricultural 48.03 16.69 8.00 8.69 40.03 0.22 17.37 31.34 48.71 
Total 2015 100.00 100.00 26.04 73.96 73.96 1.00 26.00 47.96 73.96 
 
The built-up area in Mbarara increased 5 times in just fourteen years (Table 3.4). Concurrently, 
agricultural land in Mbarara had reduced by 7.84% within this period, experiencing about 25% 
loss in the landscape. However, the overall swap change for Mbarara was greater than net 
change in this period. The highest swap change was observed in agricultural land and grazing 
land. In addition, about 15% of landscape remained which was under agricultural land in2002 
had persisted by 2016. On the other hand, grazing land had a higher grain than loss experienced 
an increase of 4% in the landscape in this period. 
Table 3.4 Summary of landscape changes Mbarara between 2002 and 2016 
 
Total 
2002 
Total 
2016 persistence Gain Loss Gain/loss 
Total 
change Swap 
Absolute 
value of net 
change 
Built-up 6.37 30.95 5.49 25.45 0.88 29.02 26.33 1.75 24.57 
Agricultural  39.92 32.08 14.99 17.09 24.93 0.69 42.02 34.18 7.84 
Grazing land 19.71 23.71 7.38 16.33 12.32 1.32 28.65 24.65 4.00 
Stream 1.06 1.25 0.40 0.85 0.66 1.28 1.52 1.33 0.19 
Savannah 25.62 9.75 4.36 5.39 21.26 0.25 26.65 10.78 15.87 
Other 7.32 2.26 0.72 1.54 6.59 0.23 8.13 3.08 5.05 
Total 2001 100.00 100.00 33.35 66.65 66.65 1.00 66.65 37.88 28.77 
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3.3.2.2 Agricultural land gain, loss and persistence  
Fig. 3.6 show the decadal agricultural land transitions in Kampala between 1989 and 2015. 
Agricultural land gains are visible throughout the city between 1989 and 2001 with the highest 
gains experienced in the north western and south eastern part of the city.  However, between 
2001 and 2015, agricultural land gains is also observed in the parts far from the of the city 
centre. On overall between 1989 and 2015, agricultural land gains were generally far away from 
the city centre with the largest gains in the north eastern part of the city. 
Agricultural land losses between 1989 and 2001 were patchy but more localised in the areas 
close to the city centre. However, agricultural land losses were more intense including areas 
both close to the city centre and far away parts of the city by 2015. Almost all agricultural land 
in central and southern part of the city had been lost in this period. Moreover, it can be 
observed that by 2015 almost the entire area which was agricultural land before 1989 had been 
lost and that the observed agricultural land in 2015 had been gained from different land 
categories. 
Agricultural land also had high persistence between 1989 and 2001. During this period, the 
areas both close to the city centre and far away especially the southern part of the city also had 
high persistence of agricultural land. Like the trend of losses, very small areas of agricultural 
land persisted between 2001 and 2015. 
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Figure 3. 6 Gain, loss and persistence for agricultural land 1989 to 2001, 2001 to 2015, and 1989 
to 2015, Kampala. 
 

Chapter 3            Assessing the diminishing agricultural land in urban and peri-urban areas 
77 
 
3.3.2.3 Inter-category, systematic and random transitions 
The summary of the different LULC gains and losses in Kampala between 2001 and 2015 is 
presented in Table 3.5. Initially, in 2001 the highest proportion of the landscape was dominated 
by agricultural land about 41.4%, followed by savannah &other 30.2% and the built-up area was 
18.9% of the landscape. However, by 2015 agricultural land and savannah & other had 
decreased to 16.7, and 21.2 % of the landscape while built-up area increased to 55.1% of the 
landscape.  
The transition from agricultural land to built-up accounted for 24.81% of the landscape 
between 2001 and 2015 while conversion of savannah &other and wetlands to built-up 
accounted for 9.8% and 2.6, respectively, in the same period. On another hand, about 6.9% of 
the changes in the landscape involved conversion of savannah to agricultural land and 7.9% 
involved the conversion of agricultural land to savannah &other. 
Table 3.5 also highlights the observed systematic transitions on the basis that if the gains had 
occurred purely at random, then the observed and the expected values would be equal for all 
categories. When observed gains are greater than expected values under the random process 
of gain and at the same time observed gains are greater than expected values under the 
random process of loss, then the transition is known to be systematic (Braimoh, 2006).  Two 
processes of systematic transitions occurred between agricultural land and built-up (built-up is 
targeting the agricultural land for replacement), and between wetlands and savannah &other.  
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Table 3. 5 Inter-category percent of gains and losses between 2001 and 2015 (Kampala)* 
 
2015 
    
Total 
2001 Loss 
 
Urban 
and 
built-up 
Water 
bodies Wetlands 
Savannah 
and other 
Agricultural 
land 
  2001 
       Built-up 17.88 0.00 0.05 0.36 0.63 18.92 1.04 
 
17.88 0.00 0.78 2.90 2.82 24.39 6.51 
 
17.88 0.01 0.11 0.39 0.53 18.92 1.04 
Water-body 0.02 0.64 0.02 0.01 0.00 0.69 0.05 
 
0.32 0.64 0.03 0.11 0.10 1.20 0.55 
 
0.01 0.64 0.00 0.01 0.02 0.69 0.05 
Wetland 2.59 0.01 2.64 2.40 1.20 8.83 6.20 
 
4.05 0.00 2.64 1.35 1.32 9.36 6.73 
 
1.29 0.05 2.64 2.05 2.81 8.83 6.20 
Savannah and 
Other 9.80 0.00 2.98 10.44 6.92 30.15 19.71 
 
13.84 0.00 1.24 10.44 4.50 30.04 19.59 
 
5.34 0.19 2.49 10.44 11.68 30.15 19.71 
Agricultural land 24.81 0.00 0.71 7.94 7.94 41.41 33.47 
 
19.01 0.01 1.71 6.35 7.94 35.02 27.07 
 
10.81 0.39 5.04 17.22 7.94 41.41 33.47 
Total 2015 55.10 0.66 6.40 21.15 16.69 100.00 60.46 
 
55.10 0.66 6.40 21.15 16.69 100.00 60.46 
 
35.32 1.29 10.29 30.12 22.99 100.00 60.46 
Gain 37.22 0.01 3.76 10.71 8.75 60.46 
 
 
37.22 0.01 3.76 10.71 8.75 60.46 
 
 
0.00 0.00 0.00 0.00 0.00 0.00 
 *The number in bold is the actual percent of the landscape. The number in italics is the percent of the landscape 
that would be expected if the process of gain were random. The number in the normal font is the expected if 
random process of loss occurred (2001 – 2015). Systematic transitions are represented by percent numbers in red 
font. 
The summary of the different LULC gains and losses in Kampala between 1989 and 2015 is 
presented in Table 3.6. The transitions in the landscape between 1989 and 2015 led to 
agricultural land decrease from 48% to 16.7 % of the landscape, savannah & other from 35.9 to 
21.2% in the landscape, and wetlands from 8.2 to 6.4% of the landscape. Built-up area 
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increased from 7.1% to 55.1% of the landscape. The transformations involved the transitions of 
28.5% agricultural land to built-up, 17.3% of savannah &other to built-up, and 3% of the 
wetlands to built-up.  
The observed built-up gain from agricultural land is 28.45% which is greater than the expected 
gain under the process of random gain 25.17%., Thus, the difference between the observed 
gains and the expected gains between agricultural land and built-up is greater zero (if the 
difference is closer to zero it depicts random, and if it is farther from zero, then the transition is 
more systematic). Thus, the transition of 28.45% of the landscape from agricultural land to 
built-up between 1989 and 2015 was due to systematic processes of change (Table 3.6). This 
means when built-up gains, new built-up category tends to gain systematically from agricultural 
land. Leading to the conclusion that when built-up gains, new built-up tends to gain from 
agricultural land systematically.  
The difference between observed and expected gains under a random process of change 
between savannah other and agricultural land was 0.52% which indicates slight systematic gain 
between agricultural land and savannah &other but the difference between observed and 
expected losses under a random process of change between savannah &other and agricultural 
land was -17.98 (less than zero) means agricultural land did not lose systematically to savannah 
&other. Similarly, agricultural land gained systematically from savannah &other (the difference 
between observed and expected gains under a random process of change is 1.32) but savannah 
and other did not lose systematically to agricultural land (the difference between observed and 
expected losses under a random process of change is -12.92). This means savannah& other lost 
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12.92% to agricultural land lower than that was expected and thus there was no systematic 
transition between agricultural land and savannah & other.  
This implies there was a systematic gain between agricultural land and savannah & other but 
the loss was random, thus, the transition of the landscape from savannah and other to 
agricultural land. As a general principle, statistically, a LULC category is said to have gained or 
lost randomly if the gain or loss is in proportion to the size of the other categories in the 
landscape at the initial time (Manandhar et al., 2010, Rawat and Kumar, 2015). 
Wetland and savannah& other lost systematically to built-up category but built-up did not again 
systematically from them. The differences between observed and expected losses for 
agricultural to the rest of the categories except built-up are negative. Agricultural land 
systematically avoided losing to the other categories except for built-up category. This implies 
that most of the landscape changes in Kampala were as a result of urbanisation where previous 
agricultural land is converted to urban uses. 
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Table 3.6 Inter-category percent of gains and losses between 1989 and 2015 (Kampala)* 
 
2015 
    
Total 
1989 Loss 
 
Urban and 
built-up 
Water 
bodies Wetlands 
Savannah 
and other 
Agricultural 
land 
  1989 
       Urban and built-up 6.44 0.00 0.03 0.31 0.35 7.14 0.69 
 
6.44 0.00 0.34 1.36 1.19 9.34 2.90 
 
6.44 0.01 0.06 0.27 0.36 7.14 0.69 
Water-body 0.01 0.64 0.02 0.01 0.00 0.68 0.04 
 
0.36 0.64 0.03 0.13 0.11 1.28 0.64 
 
0.00 0.64 0.00 0.01 0.02 0.68 0.04 
Wetland 2.96 0.00 2.03 2.22 1.02 8.23 6.20 
 
4.31 0.00 2.03 1.57 1.37 9.28 7.26 
 
0.48 0.05 2.03 2.43 3.24 8.23 6.20 
Savannah and 
Other 17.25 0.00 2.44 8.92 7.32 35.92 27.00 
 
18.82 0.01 1.71 8.92 6.00 35.47 26.54 
 
3.01 0.29 3.47 8.92 20.24 35.92 27.00 
Agricultural land 28.45 0.01 1.88 9.69 8.00 48.03 40.03 
 
25.17 0.01 2.29 9.17 8.00 44.63 36.63 
 
5.50 0.53 6.34 27.67 8.00 48.03 40.03 
Total 2015 55.10 0.66 6.40 21.15 16.69 100.00 73.96 
 
55.10 0.66 6.40 21.15 16.69 100.00 73.96 
 
15.44 1.51 11.89 39.30 31.86 100.00 73.96 
Gain 48.66 0.02 4.37 12.23 8.69 73.96 
 
 
48.66 0.02 4.37 12.23 8.69 73.96 
 
 
0.00 0.00 0.00 0.00 0.00 0.00 
 *The number in bold is the actual percent of the landscape. The number in italics is the percent of the landscape 
that would be expected if the process of gain were random. The number in the normal font is the expected if 
random process of loss occurred (1989 – 2015). The only systematic transition is represented by percent numbers 
in red font. 
The summary of the different LULC gains and losses in Mbarara between 2002 and 2016 is 
presented in Table 3.7.  The landscape changes in Mbarara between 2002 and 2016 indicates 
that agricultural land decreased from 39.9% to 32.1%, savannah decreased from 25.6% to 7.8%, 
other decreased from 7.3 to 2.3%. While grazing land increased from 19.7 to 23.1% and built-up 
increased from 6.4 to 31% of the landscape within the same period. 
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Built-up area in Mbarara gained from agricultural land 3.87% more than the expected gain 
under a random process of change, conversely agricultural land lost 12.08 % more than the 
expected loss under a random process of change. Thus, the transition of agricultural land to 
built-up was systematic, in other words, the built-up area gained systematically from 
agricultural land, and at the same time, agricultural land lost systematically to the built-up 
category. Similarly, built-up gained systematically from other (0.2% more than expected gain 
under a random process of change and other lost systematically to built-up (1.74% more than 
expected loss under a random process of change). This indicates the transition of 14.72% of the 
landscape from agricultural land to built-up area and 2.19% from other to built-up between 
2002 and 2016 were as a result of systematic processes of change rather than a random 
process of change. 
In addition, grazing land gained systematically from savannah (2.51% more than expected gain 
under a random process of change and savannah lost systematically to grazing land (2.09% 
more than expected loss under a random process of change). Similarly, grazing land gained 
systematically from other (0.37% more than expected gain under a random process of change) 
and other lost systematically to grazing land (0.46 % more than expected loss under a random 
process of change). This indicates the transition of 7.72% of the landscape from savannah to 
grazing land and 1.86% from other to grazing land between 2002 and 2016 were as a result of 
systematic processes of change rather than a random process of change. 
Savannah gained from streams 0.19% more than the expected gain under a random process of 
change, conversely streams lost 0.1% more than the expected loss under a random process of 
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change. Thus, the transition of 0.27% of the landscape from streams to savannah was slightly 
systematic. Whereas agricultural land gained systematically from grazing land, Savannah and 
other, these categories did not lose systematically to agricultural land. Also grazing land and 
savannah lost systematically to built-up but the built-up area did not gain systematically from 
them. These transitions including the rest were under a random process of change. 
Table 3. 7 Inter-category percent of gains and losses between 2002 and 2016 (Mbarara)* 
 
2016 
     
Total 2002 Loss 
 
Built-up Agricultural  Grazing land Stream Savannah other 
  2002 
        Built-up 5.49 0.46 0.14 0.05 0.10 0.13 6.37 0.88 
 
5.49 1.81 1.30 0.06 0.46 0.11 9.22 3.73 
 
5.49 0.37 0.18 0.01 0.24 0.07 6.37 0.88 
Agricultural  14.72 14.99 6.46 0.16 2.86 0.74 39.92 24.93 
 
10.85 14.99 8.12 0.34 2.89 0.66 37.86 22.87 
 
2.64 14.99 8.18 0.44 10.63 3.04 39.92 24.93 
Grazing 
land 3.95 6.17 7.38 0.25 1.76 0.20 19.71 12.32 
 
5.36 5.61 7.38 0.17 1.43 0.33 20.27 12.89 
 
0.98 6.13 7.38 0.16 3.93 1.12 19.71 12.32 
Stream 0.16 0.03 0.14 0.40 0.27 0.06 1.06 0.66 
 
0.29 0.30 0.22 0.40 0.08 0.02 1.30 0.90 
 
0.04 0.27 0.13 0.40 0.17 0.05 1.06 0.66 
Savannah 4.44 8.34 7.72 0.34 4.36 0.41 25.62 21.26 
 
6.96 7.29 5.21 0.22 4.36 0.43 24.47 20.11 
 
1.82 11.41 5.63 0.30 4.36 2.09 25.62 21.26 
Other 2.19 2.10 1.86 0.06 0.39 0.72 7.32 6.59 
 
1.99 2.08 1.49 0.06 0.53 0.72 6.87 6.15 
 
0.45 2.84 1.40 0.08 1.82 0.72 7.32 6.59 
Total 2016 30.95 32.08 23.71 1.25 9.75 2.26 100.00 66.65 
 
30.95 32.08 23.71 1.25 9.75 2.26 100.00 66.65 
 
11.43 36.01 22.91 1.39 21.16 7.09 100.00 66.65 
Gain 25.45 17.09 16.33 0.85 5.39 1.54 66.65 
 
 
25.45 17.09 16.33 0.85 5.39 1.54 66.65 
 
 
25.45 17.09 16.33 0.85 5.39 1.54 66.65 
 *The number in bold is the actual percent of the landscape. The number in italics is the percent of the landscape 
that would be expected if the process of gain were random. The number in the normal font is the expected if 
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random process of loss occurred (2002 – 2016). The systematic transitions are represented by percent numbers in 
red font. 
 
3.3.3 Summary of the rate of transitions  
The conversion rate between different LULC categories in Kampala between 1989 and 2015 is 
summarised in Table 3.8. When a category gains, it replaces another category, the summary is 
presented in Table 3.8a. Built-up gained from agricultural land 0.13 times higher than the 
expected. Whenever built-up gains, it is most likely to replace agricultural land compared to 
wetland and savannah &other which had negative ratios -0.31 and -0.05, respectively. Similarly, 
when agricultural land gains, it is most likely to replace savannah &other (agricultural land 
gained from savannah &other 0.22 times higher than expected). And when savannah &other 
gains it is most likely to replace wetlands (0.41 times higher than expected). 
When a category losses it is replaced by another category, the summary is presented in Table 
3.8b. When agricultural land, wetlands, or savannah &other lost, they did not replace each 
other (the difference between observed and expected/expected is negative) instead they were 
more likely to be replaced by built-up. Agricultural land was replaced by built-up area a rate 4.2 
times higher than it would be expected if the process of transition was purely random, 
savannah &other was replaced by built-up area at a rate 4.73 times higher than expected, while 
wetlands were replaced by built-up at a rate 5.17 times higher than expected which indicates a 
systematic pattern in which built-up replaces agricultural land, savannah, and wetlands.  
The most systematic transitions of the landscape in Mbarara involving agricultural land 
between 2002 and 2016 is presented in Table 3.9. 
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Table 3.8 the most systematic transitions involving agricultural land for Kampala between 1989 
and 2015 shown in columns and rows of Table 3.6 
Transition 
Observed 
minus 
expected 
(%) 
Difference 
divided by 
expected  Interpretation of systematic transition 
(a) Key transitions shown in columns of Table 3.6 
Agricultural land in 1989 and built-up 
in 2015 3.28 0.13 
When built-up  gains, it replaces agricultural 
land 
Agricultural land in 1989 and 
Savannah & other in 2015 -0.52 -0.06 
When savannah & other gains, it does not 
replace agricultural land 
Agricultural land in 1989 and 
wetland in 2015 -0.41 -0.18 
When wetland gains, it does not replace 
agricultural land 
Savannah & other in 1989 and 
agricultural land in 2015 1.31 0.22 
When agricultural land  gains, it replaces 
savannah& other 
Wetlands in 1989 and agricultural 
land in 2015 -0.36 -0.26 
Agricultural land gains, it does not replace 
wetlands 
Wetlands in 1989 and savannah& 
other in 2015 0.65 0.41 
When savannah & other gains, it replaces 
wetlands 
Wetland in 1989 and built-up in 2015 -1.35 -0.31 
When built-up gains, it does not replace 
wetlands 
Savannah & other 1989 and built-up 
in 2015 -0.97 -0.05 
When built-up gains, it does not replace  
savannah &other 
(b) The key transitions shown in rows of Table 3.6 
Agricultural land in 1989 and built-up 
in 2015 22.95 4.17 When agricultural land loses,  built-up replaces it 
Agricultural land in 1989 and 
Savannah &other in 2015 -17.98 -1.96 
When agricultural land loses,  Savannah & other 
does not  replace it 
Agricultural land in 1989 and 
Wetlands in in 2015 -4.46 -1.95 
When agricultural land loses, wetland does not 
replace it 
Savannah &other in 1989 and 
agricultural land in 2015 -12.92 -0.63 
When savannah & other loses, agricultural land 
does not replace it 
Wetlands in 1989 and agricultural 
land in 2015 -2.22 -0.69 
When wetland loses, agricultural land does not 
replace it 
Savannah &other in 1989 and built-
up in 2015 14.24 4.73 
When savannah &other losses, built-up replaces 
it 
Wetlands in 1989 and built-up in 
2015 2.48 5.17 When wetland loses, built-up   replaces it 
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Table 3.9 the most systematic transitions of agricultural land for Mbarara between 2002 and 
2016 shown in columns and rows of Table 3.7 
Transition 
Observed 
minus 
expected  
Difference divided 
by expected  
Interpretation of systematic 
transition 
(a)The most systematic transitions shown in columns of Table 3.7 
Agricultural land in 2002 and built-
up in 2016 3.86 0.36 
When built-up  gains, it replaces 
agricultural land 
Savannah 2002 and agricultural 
2016 1.05 0.14 
When agricultural land gains, it 
replaces Savannah 
Grazing land in 2002 and 
agricultural land in 2016 0.56 0.10 
When agricultural land gains, it 
replaces Grazing land 
Agricultural land in 2002 and 
grazing land in 2016 -1.65 -0.20 
When Grazing land gains, it does 
not replace agricultural land 
Agricultural land in 2002 and 
savannah in 2016 -0.03 -0.01 
When Savannah gains, it does not 
replace agricultural land  
Other in 2002 and built-up in 2015 0.2 0.10 
When built-up gains, it replaces 
other 
Grazing land in 2002 and built-up 
in 2015 -1.41 -0.26 
When built-up gains, it does not 
replace grazing land 
(b)The most systematic transitions shown in rows of Table 3.7 
 
Agricultural land in 2002 and built-
up in 2016 12.07 4.56 
When agricultural land loses,  built-
up replaces it 
Agricultural land in 2002 and 
grazing land in 2016 -1.72 -0.21 
When agricultural land loses, 
grazing land doesn’t replace it 
Agricultural land in 2002 and 
Savannah in 2016 -7.77 -0.73 
When agricultural land loses, 
savannah doesn’t replace it 
savannah in 2002 and agricultural 
land in 2016 -3.04 -0.27 
When Savannah loses, agricultural 
land does not replace it 
Savannah in 2002 and built-up in 
2016 2.62 1.44 
When savannah loses, built-up 
replaces it 
Grazing land in 2002 and 
agricultural land in 2016 0.04 0.01 
When grazing land loses, 
agricultural land replaces it 
Grazing in 2002 and built-up in 
2016 2.97 3.03 
When grazing land loses, built-up 
replaces it 
Other in 2002 and built-up in 2015 1.74 3.87 
When other loses, built-up replaces 
it 
 
Table 3.9 interprets the most prominent results of Table 3.7. It shows that when built-up gains, 
it is most likely to replace agricultural land, savannah, and other but not grazing land. Table 
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3.9b specifically, shows that when agricultural land is lost, it is replaced by built-up at a rate 
over 4.6 times the rate that would be expected if agricultural land were to lose to built-up 
randomly. Grazing land is also replaced by built-up category at a rate 3 times higher than that 
what would be expected if the transition was random. Similarly, when other, and savannah 
lose, they are replaced by built-up at higher rates than what would be expected randomly. 
 
3.3.4 Agricultural land and built-up gain/loss to persistence ratios 
The summary of gain/loss to persistence ratio of built-up and agricultural land is presented in 
Table 3.10. LULC categories are affected differently by the land use pressure as particular 
categories persist on the landscape because of their perceived limitations and high costs 
required for developing it. To assess the tendency of a particular land category to undergo a 
transition process in the landscape, we used gain-to-persistence (gp) and loss-to-persistence 
(lp) ratios (Table 3.10).  
In Table 3.10, the lp column particularly indicates the vulnerability of a category to change to 
other categories, for the built-up category is less than 1 throughout. Thus, the built-up category 
had a higher tendency to persist than to lose in both Kampala and Mbarara. This is quite 
expected since LULC transitions to built-up are generally permanent change. The ratios of gp or 
lp exceeding 1 indicate that a category is more likely to gain or lose to other categories than to 
persist between classifications (Braimoh, 2006, Manandhar et al., 2010).  
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Table 3.10 Gain-to-persistence and Loss - to- persistence and net change -to-persistence ratios 
of built-up and agricultural land classes for Kampala and Mbarara 
Land use/Land cover 
Gain -to- 
persistence(gp) 
Loss -to- 
persistence(lp) 
Net change -
to- 
persistence(np) 
Swap 
(S) 
Net 
change 
(nc) 
      (a)Kampala 1989 - 2001 
     Built-up 2.34 0.26 2.08 2.94 11.78 
Agricultural land 0.69 0.96 -0.27 33.88 6.62 
      (b)Kampala 2001 - 2015 
     Built-up 2.08 0.06 2.02 2.07 36.19 
Agricultural land 1.10 4.21 -3.11 17.49 24.72 
      (c)Mbarara 2002 - 2016 
     Built-up 4.63 0.16 4.47 1.75 24.57 
Agricultural  1.14 1.66 -0.52 34.18 7.84 
 
The gp is greater than 1 for built-up category and agricultural land throughout except for 
agricultural land between 1989 and 2001. This indicates that agricultural land and built-up 
categories experienced more gain than persistence. Generally, agricultural land had gp and lp 
greater 1 throughout which is an indication of higher swapping change (Table 3.10). When a 
category has both a higher tendency to lose and to gain simultaneously from other categories 
than to persist, means it has a high proportion of swapping change and low net change (Rattray 
et al., 2013).  
Table 3.10 also reveals that when a category has both gp and lp less than 1, that category also 
has a higher swapping change than net change. The lowest lp of 0.06 which indicates a greater 
tendency to experience net change rather than swap change was experienced between 2001 
and 2015 for Kampala.  
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Some of the key observations include: built-up category had experienced a higher gp than lp 
throughout (a category with high gp but low lp means it has a higher tendency to experience 
net change rather than swapping change); agricultural land had a negative net change-to-
persistence ratio (np = gp - lp) throughout which indicates that it has a higher tendency to lose 
than to persist in the landscape. In Table 3.10, the built-up category had positive values of np 
which indicates a lower tendency to lose than to persist.  
 
3.4 Discussion  
3.4.1 Land use and land cover (LULC) classification 
Supervised LULC is carried to detect the detect LULC changes over time and to determine the 
rate of urban growth. The validation of the derived LULC maps showed that Landsat ETM+ and 
TM images together with the ground field observations allow mapping urban growth with a 
relatively high accuracy. The overall accuracy for all the maps was generally greater than 85 % 
and Kappa index is about 0.8 or more. This is comparable to 87% overall accuracy reported in a 
similar urban area study by (Yang and Lo, 2002) and overall pixel–to- pixel accuracy of above 
82% reported by in a similar study by (Vermeiren et al., 2012). Generally, the Kappa Index of 
agreement is above the satisfactory classification accuracy threshold of 0.60 (Schuster, 2004, 
Sim and Wright, 2005). However, our Kappa index or agreement was higher than what was 
obtained in a similar study (Vermeiren et al., 2012). But is similar to the 0.82 Kappa index 
obtained in the Atlanta, Georgia metropolitan area (Yang and Lo, 2002). 
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The high overall accuracy of the LULC classification could be attributed to the quality of Landsat 
images and the disparity between the LULC categories. Built-up, agricultural land, wetland, 
water surface, and savannahs can easily be detected because they display recognisable 
patterns by the different signature pixels (Odeh and Onus, 2008). For instance, the changes 
from agricultural land to built-up category results in large changes in radiance values (Mas, 
1999).  
3.4.2 Land use and land cover changes  
Our study reveals that Kampala has expanded 6.7 times between 1989 and 2015. This is 
comparable to what was reported in the previous studies that the built-up area in Kampala had 
increased by 4.4 times between 1989 and 2010 (Vermeiren et al., 2012). The rapid expansion of 
built-up area is associated with the dominance of medium-sized buildings as opposed to high 
rise buildings (Appendix 3.1). For instance, land parcel in Kampala can be as small as 9m2 
(Maxwell, 1995). Kampala has experienced annual urban population growth rate of more than 
5% since the early 1990s (Lwasa, 2007). And over 80% of the industries and factories in Uganda 
are located in Kampala, which continues to attract people and led to rapid population growth 
to triple between 1990 and 2015 (Lwasa, 2011). Thus, a recent prediction indicates the built-up 
area in GKMA will exceed 650 km2 in 2020 and 1000 km2 by 2030 and most of this increase is 
expected to occur on agricultural land (Vermeiren et al., 2012). Kampala accounts for more 
than  40% of the total urban population in Uganda and has experienced an urban growth rate of 
more than 5% since the early 1990s (Lwasa, 2007).  The urban growth of Kampala is largely 
driven by rapid urban population growth. For example, in 1990 Kampala accounted for only 
Chapter 3            Assessing the diminishing agricultural land in urban and peri-urban areas 
91 
 
25% of the total population of Uganda working in the formal sector and industries (Bigsten and 
Kayizzi-Mugerwa, 1992). However, by 2015, over 80% of the industries and factories in Uganda 
were located in Kampala, which has attracted many people and led to rapid population growth 
that tripled in just 25 years (Lwasa, 2011). The built-up area in Mbarara increased by 
approximately 4 times between 2002 and 2016, higher growth rate than Kampala. Other 
studies have reported Mbarara as the fastest growing urban centre in Uganda (Lwasa, 2011). 
Generally, smaller cities are reported to grow at a faster rate than large cities (Tan et al., 2005).  
Agricultural land in Kampala generally decreased by about 65% between 1989 and 2015, 
however, there were substantial agricultural gains in the peri-urban areas farther from the CBD. 
Our results corroborate with similar studies in the region for instance agricultural land in Dar Es 
Salaam also was reported to have drastically decreased close to the city centre but increased 
far away due to the effects of structural adjustment programmes (SAPs) in East Africa (Kombe, 
2005, Briggs, 1991). An in agreement with reduction reported in Nairobi by and in Nairobi 
(Mundia and Aniya, 2005). Urban growth is expected to continue and agricultural land in 
Kampala is projected to decrease by 80 % by 2030 (Vermeiren et al., 2013). Loss of agricultural 
land in urban and peri-urban areas of many African countries attributed to the rising 
competition of land for development and settlement in rapidly urbanising environment  (Atu et 
al., 2012).   
3.4.3 Land use and land cover transitions in Kampala and MbararaOur study revealed that 
even with high level of urban expansion and intensification, small patches of agricultural land 
are still observable in Kampala. Most of this agricultural land was gained through the swapping 
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process from savannah & other and wetlands. The overall persistence in the landscape between 
1989 and 2015 in Kampala was 26% which means 84% of the landscape experienced change 
within that period. In Mbarara overall persistence was 33% which indicates 67% of the 
landscape in Mbarara experienced changes. Our findings are contrary to the figures reported in 
other studies elsewhere that persistence dominates the landscape. For instance, in a similar 
study in Atlanta, USA 75% persistence was reported in 30 years. Similarly, another study of 
LULC the New South Wales, Australia between 1985 and 20015 reported72% persistence 
reported (Manandhar et al., 2010). Another study in the Espinal Ecoregion, Argentina found 
70% of the landscape persistence between 1989 and 2009.  The higher overall persistence 
reported in USA, Australia and Argentina than our findings from Uganda could be attributed to 
the fact that in the former countries urban development is highly planned and land use and 
land cover transitions are regulated while in the latter urban growth is generally unplanned and 
land tenure systems are weak.  
In addition, in the case of agricultural land, in Kampala, the landscape was 48% agricultural land 
in 1989 but in 2015 only 8% of the landscape that was agricultural land in 1989 had persisted.  
In areas where agricultural land in unprotected in Ghan, only 1% agricultural persistence in the 
landscape was reported between 1990 and 2000 in Ghana near Accra (Alo and Pontius Jr, 
2004). In Mbarara the landscape was 40% agricultural land in 2002 but in 2016, only 15% of the 
agricultural land in 2002 had persisted, our results are comparable to 18% agricultural land 
persistence reported in similar study in Tamale, Ghana between 1984 and 1999 (Braimoh, 
2006). The proportion of agricultural land in the landscape in the latter year of analysis is thus 
determined by the ability of agricultural land to swap with other land use class and whether 
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existing laws that protects agricultural land. The persistence of agricultural land in the fully 
urbanized areas which comprises mainly backyard gardens used for urban agriculture 
(Torquebiau, 1992). The livelihood role agriculture plays in the direct food provisioning is the 
main concern which contributes to agricultural land persistence and gaining through the 
process of swapping with other land uses in the developing countries (Lerner and Eakin, 2011) 
Moreover, the observable conversion of agricultural land to savannah &other on the southern 
and western part of the city (Figure 3.3) could be attributed to the fact that this other 
component in the category. Also, transformation of agricultural land to savannah& other in 
Kampala between 1989 and 2001 could be attributed to the classification of the tea estates, 
extensive clay extraction areas, and floriculture mainly located in south and south-western 
Kampala as savannah &other (Dijkstra, 2001, van den Brink et al., 2010). Also agricultural land 
which was left under fallow was generally belonged to other class.     
Agricultural land in large cities experiences more net change than swap change possibly 
because of the fact that the price for land in the big urban centres is high due to increased 
competion from alternative land uses. Our finding indicate that agricultural experienced 17% 
swapping change in Kampala between 1989 amd 2015, while in Mbarara it experienced 34.% 
swapping change between 2002 and 2016.  Cattle grazing also experienced 24% swapping 
change in Mbarara. Savannah changed to grazing land farther away from the city  this could be 
attricbuted to the fact that cattle keeping is one of the major econimic activities in Mbarara 
givemn that it is located in the cattle corridor a home for the largest population of cattle in 
Uganda (Ndumu et al., 2008). At a continental level, replacing the lost agricultural is generally 
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difficult as only 11% of the farmers in urban and peri-urban areas that lost their farmlands in 
major urban centres are able to replace it (d’Amour et al., 2016).  
3.4.4 Dominant systematic transitions  
The dominant systematic transition was from agricultural land to built-up in both cities (Table 
3.5, 3.6, and 3.7). Our finding corroborate with other studies that have reported systematic 
transition of landscape from agricultural land to built-up (Manandhar et al., 2010). Agricultural 
easily changes to built-up because of the close proximity to existing built-up. Also most of the 
cities started in areas which were good for agricultural production. Agricultural land also has 
good soil physical properties like slope and drainage which is preferred for building.  
The systematic transition of the landscape from wetlands to savannah between 2001 and 2015 
in Kampala (Table 3.5) and between streams and savannah in Mbarara between 2002 and 2015 
(Table 3.7)  could be associated with the changing environmental conditions particularly 
hydrology that is exacerbated by human modification of the landscape for brickmaking, 
sandmining, clay extraction and clearing of papyrus reeds. This could partly as a result of 
climate change which is associated with long term droughts but can partly be attributed to 
urban growth which encourages the infrastructure development and increased pavement. This 
alters the recharge behaviour, potentially leading to reduced flows to wetlands, streams and 
groundwater aquifers. More extremely and more long term, changes to the hydrological cycle 
such as lack of infiltration combined with increased groundwater extraction could lead to 
transformation of wetlands (Han et al., 2017). In addition, location of waste dumping sites near 
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wetlands in Uganda has led to the accumulation of wastes in wetlands which alters their 
characteristics (Okot-Okumu and Nyenje, 2011). 
Another systematic conversion of savannah to grazing land mainly happening in areas relatively 
farther away from the city centre (Table 3.5, Figure 3.3) could be associated with the increased 
clearing of vegetation and extensive tree cutting for charcoal burning which been found to be 
the second most frequently used source of energy for cooking after firewood (Naughton-Treves 
et al., 2007). Moreover, as grazing lands near the city centre are built-up, the need to create 
new grazing land farther away from the city increases.  A similar study in Ghana reported the a 
systematic transition between woodland to open grasslands resulting from the degradation of 
the closed woodlands to open woodlands (Braimoh, 2006). 
3.5 Urban planning and development policy implication  
Land use and land cover changes involve the transformation of the landscape. For example, the 
encroachment on the wetlands leads to increased incidences of floods. In addition, the freehold 
land tenure system in Kampala has accelerated the loss of land for cultivation in Kampala 
(Maxwell, 1994). Policy should focus on ensuring the farmers have secured land tenure to 
minimise rapid conversion of agricultural land to urban uses. Policymakers should target waste 
management policies, curb charcoal burning by encouraging the use of clean energy, and 
protect the wetlands. 
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3.6 Limitations of study 
The supervised Landsat image classification to obtain land use and land cover (LULC) changes 
used in this chapter to produce LULC transition matrices have been generally found to produce 
relatively reliable landscape transformations. However, the accuracy of the LULC classification 
output is largely dependent on the satellite image quality and the resolution Landsat images 
used. The Landsat image quality is affected by atmospheric condition during the time of its 
capture, for instance, cloud cover has a great effect on the image quality.  
Ideally, multi-temporal image assessment for comparison purposes would require using cloud-
free images obtained on the same day of the month for the initial and latter year would lower 
the differences that can result from seasonal variability (rainy or dry). In this study, obtaining 
cloud-free images on the same day of the month for the initial and latter analysis year was a 
challenge. Therefore, images with up to 10% cloud cover were used which can potentially lower 
the out quality. Secondly, obtaining images on the same day of the month in both years was 
another challenge, for instance, the images used for Kampala LULC classification were captured 
between November and February. This also has a potential effect on the image output 
especially. Likewise, for Mbarara images were obtained between February and May. 
Fortunately, in Kampala, November to February generally lie in the same season and Mbarara 
February to May have similar weather condition, this minimised the impact, nevertheless 
lowered overall comparison.  
The image resolution of 30m enables to capture LULC changes per 900 sq metre area which can 
more accurately be applied in peri-urban areas where it is more likely to find relatively uniform 
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land use over 900m. However, in an urban setup where standard plot size in Kampala and 
Mbarara measures 16 by 30.5 m (488 sq metres), LULC changes on these plots which are 
dominant as urban intensification continues in some cases cannot be captured.  
The determining the principal signals of inter-category transition to identify the random or 
systematic landscape transition is that it only considers relative proportions of other categories 
at the initial time. This approach as aforementioned is based on an assumption that a given 
land use category should gain more from categories which were dominant in the landscape and 
again less from categories which comprised a small proportion of the landscape. However, this 
approach does not consider the relative positions of the categories, during urban growth, the 
proximity of the land category relative to urban built-up is very important. For example, a built-
up category can gain more from a category nearest even if its relative proportion in the 
landscape at the initial time was less. This is one of the major limitations of using this approach 
in assessing systematic and random signals of LULC transition in an urban area.  
In addition, the swapping change considers what a given category loses/gains to/from other 
categories, however, the limitation is that it only assess the quantity and does not consider the 
quality land gained or lost for a given category in the landscape. This is more so when we 
consider agricultural land, the lost land maybe or different productive as compared to what is 
gained in another part of the landscape as soil productivity is heterogeneous. 
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3.7 Conclusion 
 
This paper has provided an account of urban growth in Uganda using Kampala and Mbarara 
regional centre as case studies. The built-up area in Kampala expanded by about 8 times 
between 1989 and 2015 while Mbarara increased by about 5 times between 2002 and 2016. 
Rapid urban growth not only leads to a loss of agricultural land, it also forces changes from 
savannah to grazing lands farther away from the city centre. 
Significantly urban growth in both cities has led to the loss of agricultural land which indicates 
that the built-up area growth rate in both cities is usurping agricultural land. This is 
compensated by gains in agricultural land through the process of swapping with other 
categories, for example, savannahs and wetlands usually in peri-urban areas and surrounding 
rural areas. Thus, the loss of agricultural land is predominantly near the city centres and along 
the highways caused by their easy accessibility which acts as an attraction to urban 
development. This has led to systematic transition between agricultural land and built-up. 
Because of the absence of strict regulations to urban development and existence of a number 
of formal and informal land tenure systems in Uganda, as in most of the African countries, 
urban growth will continue to encroach into agricultural land. 
In order to understand the implications of urban growth for agricultural production, there is the 
need to assess the quality of agricultural land lost to urban expansion in both cities. It is also 
necessary to examine the productivity of the new agricultural land vis-à-vis the lost land to 
understand the exact consequences of urban growth on agricultural production. Although 
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Kampala and Mbarara were chosen as case studies, the observable features of urban growth in 
these centres are extensible to most cities and urban centres in SSA. Therefore, this study is an 
impetus to further studies on the quality of urban and peri-urban agricultural land and its lost 
urban expansion and most importantly the overall impacts on urban food security in SSA. 
The peri-urban zones closer to urban centres experience the immediate impacts of land 
demands from urban growth while the zone far from the city usually continues handling 
agricultural and natural resource products (Simon et al., 2004). Urban growth and development 
in smaller cities or peri-urban communities is increasingly an important component of land use 
change not only in the SSA but also in the rest of the developing countries (Nagendra et al., 
2004). The rapidly changing conditions in smaller urban areas need to be monitored carefully if 
sustainable development is to be achieved as more and more agricultural land is expected to be 
converted to built-up (Vierich and Stoop, 1990, Yunlong and Smit, 1994, RUAF, 2010). 
Henderson (2002) observed that rapid growth of cities in Africa would negatively affect the 
quality of life in urban centres as a result of increased pressure on resources. 
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Abstract  
Most of the urban growth in developing countries is occurring on productive soils. Yet there is a 
lack of detailed baseline soil information that can facilitate the assessment of the impact of 
urbanisation on the loss of quality soils. The current soil maps in most African countries are 
rather old with little details. The biggest hindrance to updating and improving the soil 
information in such a setting is the high costs of the required detailed soil survey, in addition to 
complication caused by the loss of natural soils to urban development (Urbanisation leads to 
continuous alteration of the soil which makes it difficult to classify it classify). Therefore, this 
paper contributes to bridging these gaps by using Digital Soil Mapping (DSM) techniques 
involving legacy soil profile and complimentary soil survey observations at relatively 
undisturbed sites to predict the pre-urban soil patterns for the entire urban and peri-urban 
areas. This was achieved by means of modelling the relationship between the legacy point soil 
classes and the nearly exhaustive environmental covariates. Using Greater Kampala 
Metropolitan Area (GKMA) in Uganda as a case study, we tested the performance of random 
forests (RF), multinomial logistic regression (MLR) and Boosted Regression Trees (BT) by 
modelling the relationships between the observed soil classes and environmental covariates. 
We found that RF performed better than MLR and BT, with an overall prediction accuracy of 
77.1% and by producing more pedologically plausible soil maps at 30 m resolution than the 
other algorithms. Most importantly, we found that more than 70% of the soils which had been 
converted from other land uses to urban development are 3.4 times as productive as the 
national average. Thus this study demonstrates that in areas where representative soil 
observations are available, DSM techniques are amenable to producing relatively accurate 
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detailed soil maps and thus can be used as an important tool for identifying endangered soils 
caused by urban development, especially in the rapidly expanding urban centres in Sub-Saharan 
Africa (SSA).  
 
 
4.1 Introduction  
Urban centres in Africa are growing at a very rapid rate (UN, 2012, UN-Habitat, 2008) with 20 of 
the 100 fastest growing cities in the world located in Sub-Saharan Africa (SSA) 
(http://www.citymayors). Soils under these metropolitan regions termed as mega-cities, and in 
their peri-urban areas, are affected by human activities which may lead to loss of the natural 
soils and/or soil degradation. A study conducted in the Netherlands found that certain soil 
types are declining at a fast rate due to the dynamic nature of soils caused by human 
interference (Kempen et al., 2009). In the USA, it was reported that 4.5% of soils are on the 
verge of being lost (Amundson et al., 2003). The situation is even worse in China where about 
24 soil types are now considered  non-existent while more than 85 soil types are under an 
increasing threat of disappearance (Tennesen, 2014). This development has largely been 
attributed to urbanisation and bad agricultural practices. It has been possible to carry out these 
studies in developed countries because of the available detailed baseline soil information 
against which the current state of soils can be assessed.  
In the case of SSA, the current soil maps, including those of urban centres, are quite old and 
lacking detailed information. These maps, produced by conventional soil survey techniques 
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several decades ago, are still the main sources of soil data and information (Malone, 2013). In 
spite of the wide recognition of urbanisation as a major cause of the loss of productive soils 
(Biswas and Biswas, 1978, Scherr, 1999, Jie et al., 2002, Drechsel et al., 2001, Chen, 2007), 
comparative studies in SSA to determine the extent of this loss and identify the endangered 
soils types in the region are hampered by the lack of detailed baseline soil information. For 
instance, the most comprehensive soil map of Uganda was produced six decades ago at a scale 
of 1:500,000 (Radwanski, 1960). The high cost of carrying out conventional soil surveys, in 
terms of time, personnel and funds (Malone, 2013, Van Ranst et al., 2010), has led to limited 
progress in updating and upgrading the soil information and maps of Uganda and many other 
countries in SSA.  Until now only Rwanda can boast of having the most detailed national soil 
map in the region at a scale of 1:50,000 (Verdoodt and Van Ranst, 2006).  
To create fine-scale digital soil maps in order to assess the loss of soil diversity due to 
urbanisation requires modern digital soil mapping (DSM) techniques which have been widely 
tested in producing accurate soil maps in different landscapes across the world. For example, 
DSM has been used for updating the conventional soil map of the Netherlands (Kempen et al., 
2009) and Canada (Yang et al., 2011), production of soil map of  Norway with detailed spatial 
distribution of soil types (Debella-Gilo and Etzelmüller, 2009), to reproduce the  soil map of 
Egypt (Abdel-Kader, 2011), and production of detailed soil type map of Iran (Jafari et al., 2012). 
In all of these cases, DSM has been found to produce quality maps and provide more details in 
terms of characterizing the degree of soil variability than traditional soil survey (Debella-Gilo 
and Etzelmüller, 2009, Witten and Frank, 2005).  
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DSM techniques are used to map soils at different resolutions from fine-pixel sub-meter 
accuracy to a broad coarse scale national mapping. However, as McBratney et al. (1992) 
opined, it is impracticable to measure all the properties of the soil at a particular location in 
space and time; neither can we measure one property at all points in space. DSM techniques, 
therefore, rely on various models to predict soil information at unsampled locations from 
observed locations by using environmental covariates, which comprise mainly terrain 
attributes, legacy soil information, geology and climatic data. These attributes represent the 
factors of soil formation: climate, organisms, relief, parent materials, and time (Jenny, 1994) as 
soil is a result of the interaction of these spatial environmental factors over time (Zhu et al., 
2001). These factors of soil formation were reformulated for DSM by McBratney et al. (2003) 
who introduced the SCORPAN concept; an empirical quantitative description of the 
relationships between soil and spatially referenced environmental covariates. 
Several modelling algorithms have been used in DSM to map soil categorical or class attributes, 
among which are: random forests (RF), multinomial logistic regression (MLR), and classification 
and regression trees (CRT), (Häring et al., 2012). The accuracy of these techniques in predicting 
soil types depends greatly on how the predictors or covariates (as they are sometimes termed) 
adequately define all classes (Hengl et al., 2007). Additionally, the support provided by the 
representative soil sample set of the soil population in the study area is important (Kidd et al., 
2015). Nominal auxiliary measurable variables, such as parent materials, lithology, landforms 
and vegetation, and ordinal/continuous numeric covariates have been found to have a strong 
relationship with soil types. As such they have been used successfully and independently to 
predict the spatial distribution of soil types in many landscapes (Gray et al., 2016, Debella-Gilo 
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and Etzelmüller, 2009, Odeh et al., 1995, Camera et al., 2017) with a fairly good level of 
accuracy. In particular, landform-derived attributes from a digital elevation model (DEM) can 
predict several important soil properties (Odeh et al., 1997, Mulder et al., 2011). Assessment of 
the variable of importance reveals the significance of each of these environmental variables on 
the transferability of the soil information for soil property and soil type classification (Grunwald 
et al., 2014).  
This study is focused on using selected modelling algorithms within DSM framework to 
reconstruct the spatial patterns of soil types prior to urban development in a megalopolis in 
SSA. As an exemplar of megacities across SSA, we used the Greater Kampala Metropolitan Area 
(GKMA) as a case study. GKMA comprises of Kampala Uganda’s capital city and the surrounding 
urban and peri-urban areas. The selection of Kampala was based on the fact that Kampala is the 
13th fastest growing city globally (http://www.citymayors) and its growth and expansion is 
typical of many megacities across SSA. Land use and land cover change (LUCC) analysis of GKMA  
reveals almost 3 folds urban expansion in less than three decades between 1989 and 2015 
(Table 4.1) and this growth is predicted to double by the end of the next decade (Vermeiren et 
al., 2012). These observable features of urban growth in Kampala, which is characterised by low 
height buildings, are generally similar to other cities in SSA. SSA has over 256 urban centres and 
cities that are growing at a very rapid rate (Angel et al., 2011, RUAF, 2010). This implies that a 
significant quantity of agricultural land and other land uses will be converted to built-up and 
thus will potentially alter more soils.  
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The specific aims of this study are therefore to:  i) compare several prediction models for 
reconstructing the pre-urban soils in Kampala, determine the best model for prediction of pre-
urban soil patterns, and ii) use the output of the best model to determine the diversity and 
quality of soils in the GKMA. Finally, determine how much of soil diversity has been lost due to 
urban expansion, and the quality of soils lost to urban growth between 1989 and 2015 (impact 
of urban expansion to the loss of productive soils) in the study area.  
  
4.2 Material and methods 
4.2.1 The study area location  
As stated above, the case study was conducted in GKMA which is situated at 00°18′49″N and 
32°34′52″E and located in central Uganda (Fig. 4.1). Since its selection as the capital of Uganda 
in 1962, Kampala has extended to the neighbouring satellite towns like Wakiso and Mukono, 
and now comprises an area of about 1941 km2 (Table 4.1). The climate of GKMA is generally 
equatorial with total annual precipitation ranging between 1200 and 1800 mm and the long-
term mean temperature is 25oC (Hijmans et al., 2005). The physiography is dominated by gently 
undulating flat-topped hills with a general difference of about 600ft between the hill-top and 
the valley bottom. There is repeated pattern of flat-topped hills, steep hill slopes and valley 
sides and swampy valley floor which affect the distribution of soil type, vegetation, cultivation, 
and land use (Baker, 1956). The geology is quite variable in terms of age, ranging from 
Paleoproterozoic to Neoarchean, Mesozoic and Cenozoic (Yost and Eswaran, 1990). Thus the 
characteristic lithology of GKMA includes alluvial, swamp and lacustrine depots, laterite, 
phyllites, amphibolite, granite, mafic volcanic rocks, porphyroblastic phyllite, basalt, mudstone, 
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metadolerite, granitoids, orthoquartzite, and sericite quartzite. The soil types with well-
developed deep soil profiles are common (Yost and Eswaran, 1990) and dominant soils in the 
peri-urban of GKMA are red soils probably as the results of accumulation of high levels of iron 
and aluminium sesquioxides  (McLean and Ssali, 1977). The soils are dominated by a high 
proportion of Kaolinite in the clay fraction which implies low or no active clay transformation 
processes (Pidgeon, 1972). However, the major pedological process in the area is the alteration 
of soil structure and clay translocation from top horizons to sub-horizons (Pidgeon, 1976). 
Urban growth leads to anthropogenic modification of the environment which alters landforms, 
drainage patterns, disruption of the ecosystems and alteration of the soil chemical and physical 
properties. 
 
Figure 4.1 Location of the study area (Kampala megalopolis) within Uganda relative to Africa 
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In terms of vegetation, savannah is the dominant type throughout the GKMA with localized 
forests and several wetlands evenly distributed. LULC classification based on acquired Landsat 
TM for 1989 and Landsat ETM for 2015 using Erdas Imagine indicates the urban area in GKMA 
expanded extensively between 1989 and 2015 (Chapter 3, Fig. 3.3). As a consequence, the built-
up area has increased from 167.9 km2 to 459.6 km2 (Table 4.1). This has prompted future 
projections to reveal that more LULC transformation will continue including the conservative 
estimates indicating the total built-up area will exceed 650 km2 in 2020 and 1000 km2 by 2030 
(Vermeiren et al., 2012).  
Table 4.1 Land use and cover (LULC) changes between 1989 and 2015 in and around Kampala 
indicating urban growth and diminishing agricultural land 
 
1989 2010 2015 
LULC km2 km2 km2 
Agricultural land 431.9 393.8 336.1 
Urban and built-up 167.9 377.8 459.6 
Permanent Wetlands 206.6 202.7 192.9 
Savannahs &Other 794.5 629.6 610.3 
Water Bodies 339.7 336.7 341.7 
Total  1940.6 1940.6 1940.6 
 
4.2.2 Soil sampling and legacy soil data 
4.2.2.1. Legacy soil data and information  
This study is focused on obtaining representative soil data of the natural landscape to 
reconstruct the original soil pattern prior to urban development and growth of Kampala. 
Observations revealed that the current undisturbed sites are predominantly under native 
vegetation, which provides us with confidence that the soils have not been significantly altered 
more than for agricultural production. This is in contrast to developed and sealed urban scapes 
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under which soils have been manipulated, disturbed or transported by human activities. These 
disturbances invariably have altered the natural soil profiles in terms of their physical, chemical 
and biological soil properties. Therefore only soil class data at undisturbed sites, sourced from 
legacy soil survey report and a fresh field survey, were used for this study. 
The legacy soil profile data were obtained from the 1956 Uganda national soil survey report 
(Radwanski, 1960). The report provides data on soil profile development, soil texture, soil 
depth, colour and drainage conditions, soil pH/ base saturation, development of the A-horizon. 
These data were relevant to our study because until 1970s Kampala was largely under native 
vegetation. In 1956,  Kampala as an urban centre covered only about 12.95 km2  (UBOS, 2002). 
Unlike the cities in Europe, most urban centres in SSA were the creation of the colonial powers. 
As such Kampala started as a small administrative centre gazetted in 1902 on about 0.7 km2 
area (Handbook, 1904). This implies that the Uganda soil survey of 1956 was conducted at the 
time when the city was very small and a large proportion of the present GKMA was largely 
under native vegetation.  
Other soil data were sourced from the international soil reference and information centre 
(ISRIC) under the Africa soil profile database (http://www.isric.org/content/data) and 
(http://africasoils.net/). These data were obtained from pre-existing local survey reports and 
local soil studies in the study area.  
Additional information was obtained from soil local studies. For instance, the clay 
mineralogical, geochemical and sedimentological assessment by Nyakairu et al. (2002) and clay 
mineralogy and chemical composition (Nyakairu and Koeberl, 2001) in GKMA provided useful 
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soil type data for a number of sites. The comprehensive soil profile classification and clay 
mineralogy information from the major land resource areas in Uganda by  Yost and Eswaran 
(1990) were some of the key local studies that were useful in identifying soil classification at 
some sites. The legacy data provided 238 soil profile points. The legacy soil data and profile 
description were used to classify the soils based on the FAO World Reference Base (WRB)  soil 
classification system (FAO-WRB, 2014). These were added to the soil classification data at the 
undisturbed sites described above. Based on the soil profile data description and analysis, the 
dominant soil types in the study area following FAO classification system are Acrisols (ACR), 
Plinthosols (PLI), Nitisols (NIT), Gleysols (GLY), Fluvisols (FLU), Arenosols (ARE), and Ferralsols 
(FRA).  
4.2.2.2. Additional soil sampling  
The legacy soil data obtained initially were inadequate for this study as they were collected at a 
national scale and thus proving few points within the study area. This required additional soil 
survey to complement the legacy data. As such 1000 points were randomly sampled using the 
utility add random points in ERDAS Imagine prior to field visit for profile characterisation. 
However, due to the urban nature of the study area which has led to anthropogenic alteration 
of soils, a large proportion of these randomly generated points were located at disturbed sites. 
During field soil sampling (the field soil data collection was carried out between July and 
December 2015), whenever a point was found to be at a disturbed location, where it was 
possible a sample was taken from the nearest undisturbed location, otherwise, the point was 
left out. Thus the soil sampling design was adjusted to ensure the soil samples were taken from 
mainly natural landscapes and agricultural lands. The rest of the randomly generated points 
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which were located in the changed landscape were not used for this study. Fig. 4.2 shows the 
locations of the relatively representative sites selected for soil survey and sampling to predict 
the original soils before urban development.  
About 163 points were located at or near undisturbed sites, these points were described, 
characterized, and classified using field soil observations. From the 163 points classified in the 
field using soil auger 0 – 120cm or water table depending what was reached first. These points 
were described in the field following FAO_WRB soil classification guidelines in the field which 
focuses on field observation of the soil depth, colour using Munsell colour chart, soil firmness, 
stickiness, texture, stone line depth, root distribution with each horizon, gravel percentage, 
organic matter percentage, and development of soil horizons within a profile, profile position 
slope gradient and orientation, vegetation type. 
Apart from the 163 field observations described above, additional total of 88 soil profile 
samples were collected. Two types of samples were taken namely; undisturbed core samples 
and the bulk samples from each of the horizon starting from top up to the start of parent 
material. Generally, soil profile descripting and soil sampling was between 0 – 100 cm.  Core 
samples were collected using soil sample core ring measuring 4.5 in diameter and height of 5 
cm which bulk samples were collected using a knife and a shovel. The sample were then 
wrapped, properly labelled including the profile location details like coordinates, area name 
and sample code and then packed in secured bags. These samples were then taken to the soil 
laboratory for routine and specialised soil analyses to aid in final soil type classification 
(Appendix 4.1).   
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 Figure 4.2 Landsat image acquired on 27th February 2015, showing the locations of 
undisturbed sites where soil profile samples were taken 
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4.2.3 Environmental covariates 
To enable the development of prediction models under DSM framework, we obtained 25 
environmental covariates comprising terrain attributes, geology, vegetation, climate, and soil 
surfaces (Table 4.2). The terrain attributes of slope, aspect, topographic wetness index (TWI), 
and curvature were derived from 30 m resolution DEM obtained from contour lines of 5 m 
interval. The slope gradient is generally used to capture surface water runoff and soil texture, 
aspect reflects potential evapotranspiration and hence soil moisture, TWI is the steady state 
wetness index found to be highly correlated with several soil attributes such as horizon depth, 
silt percentage, organic matter content and phosphorous (Gallant and Austin, 2015). These 
attributes are known to influence soil moisture, erosional and depositional conditions (Boer et 
al., 1996); thus they are very useful surrogates for topography in predicting soil data at 
unsampled locations (Odeh et al., 1997, Odeh et al., 1995, Odeh et al., 1991, Boer et al., 1996, 
Mulder et al., 2011, Camera et al., 2017). 
Other covariates were obtained from Landsat image captured on 27th February 1989 (bands 1-
5, 7). Additionally, we derived Normalized Difference Vegetation Index (NDVI) from the red and 
near-infrared bands. The bands 5 and 7 are related to clay content, and bands 1, 3, and 5 can 
reflect relative concentrations of iron and also have been used to capture the geologic 
composition of the surface material (Scull et al., 2005). 
The climatic variables were derived from WorldClim long-term precipitation and temperature 
database (Hijmans, 2005). Local variation influence of climate was also characterised using 
elevation values from DEM. Additional covariates include the pre-existing vector maps of 
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Central Uganda which include: lithology, land productivity, parent rock, rock form, morphology, 
sediment type and rock nature layers. The vector maps were further converted to raster 
formats. These variables are hypothesised to define the shape, composition and origin of 
landforms (Scull et al., 2005).  
Table 4.2 Predictor variables used for mapping the pre-urban soil types 
Variable Source 
Original 
scale/resolution 
Soil 
Factor Reference 
Slope gradient SRTM DEM 30m R Uganda  survey  
Slope Aspect SRTM DEM 30m R Uganda  survey  
Curvature  SRTM DEM 30m R Uganda  survey  
Plan curvature SRTM DEM 30m R Uganda  survey  
Profile curvature SRTM DEM 30m R Uganda  survey  
NDVI Landsat 30m O, PM,T http://usgs.gov 
Bands (1-5,7) Landsat 30m O, PM,T http://usgs.gov 
Precipitation  Worldclim 1 km Cl (Hijmans et al., 2005) 
Temperature Worldclim 1 km Cl (Hijmans et al., 2005) 
Lithology Lithology map 1:50,000 PM Uganda survey  
Soil types Soil map 1:500,000  O, PM,T Uganda survey  
Morphology Lithology map 1:500,000 PM Uganda survey  
ERA rock formation 1:500,000 T Uganda  survey  
Rock form Lithology map 1:500,000 PM Uganda survey  
Productivity Soil units  1:500,000 O, PM,T Uganda  survey  
Wetness Index DEM 5m O, PM,T Uganda survey 
Mapping units  Soil map 1:500,000 O, PM,T Uganda survey  
Rock nature Lithology map 1:500,000 PM Uganda  survey  
FAO Soil classes 1:500,000 O, PM,T Uganda survey  
Parent rock Lithology map 1:500,000 PM Uganda  survey  
* Predictor variables were all resampled to the spatial resolution ranging from 10m. 
 
Principal component analysis (PCA) has been suggested for the transformation of terrain 
covariates (Balkovič et al., 2013, Hengl et al., 2004, Banko, 1998). We, therefore, applied the 
PCA algorithm to the terrain covariates to reduce data dimensionality and to also minimize the 
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problem of multicollinearity in the MLR. The first eight component loading from the output of 
the PCA are shown in Table 4.3. No clear interpretable relationships were noted between the 
predictors associated with each component. Cumulative proportion of variance explained of 
the first eight components account for 96% of the total variance from which they were derived. 
PCA variables are quite complex terrain variables which are uncorrelated and standardised and 
can, therefore, be used instead of the original terrain predictors(Balkovič et al., 2013). Research 
has found that when the derived standardized principal components are used instead of the 
original predictors, the prediction accuracy for soil-landscape modelling greatly improves 
(Gobin et al., 2001). 
Table 4.3 PCA results; component loadings for the first eight components 
    Component   
Variable PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 
Aspect -0.05 -0.02 -0.06 -0.10 0.99 -0.04 0.01 -0.01 
B1 0.20 -0.04 0.57 0.00 0.05 0.08 0.11 -0.18 
B2 0.33 0.01 0.37 0.04 0.04 0.00 0.08 -0.03 
B3 0.34 -0.01 0.36 0.09 0.05 0.05 -0.09 0.11 
B4 0.34 0.11 -0.23 -0.07 -0.03 -0.27 0.32 -0.11 
B5 0.39 0.06 -0.03 0.03 0.01 -0.13 0.05 0.07 
B7 0.38 0.03 0.10 0.09 0.03 -0.03 -0.11 0.16 
Curvature 0.05 -0.63 -0.06 0.12 0.00 -0.07 0.06 0.04 
Plan Curvature 0.07 -0.50 -0.11 -0.02 0.00 0.50 0.49 0.21 
Profile Curvature -0.01 0.52 0.00 -0.19 0.01 0.55 0.35 0.13 
NDVI 0.30 0.11 -0.35 -0.10 -0.02 -0.31 0.36 -0.15 
Rainfall -0.26 -0.10 0.28 -0.30 -0.05 -0.07 0.26 -0.64 
Slope 0.25 -0.06 -0.19 -0.43 -0.03 0.30 -0.51 -0.08 
Temperature 0.09 0.11 -0.21 0.74 0.08 0.33 -0.07 -0.50 
Wetness Index -0.28 0.15 0.19 0.29 0.01 -0.22 0.18 0.40 
Variance explained 0.41 0.16 0.13 0.08 0.07 0.05 0.04 0.03 
Cumulative Proportion 0.41 0.57 0.69 0.77 0.84 0.88 0.92 0.96 
 Eigenvalues 6.09 2.39 1.91 1.15 0.98 0.74 0.59 0.47 
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Prior to DSM model training for the prediction of soil type, all of the covariate layers were 
transformed onto the same reference system (UTM WGS84 Zone 36N) and resampled to 30 m 
resolution using the nearest neighbour technique in ArcGIS 10.1. Data for modelling were 
obtained by extracting covariates values at the soil profile locations.  
4.2.5 Modelling and spatial prediction of soil types 
For the purpose of determining the best model for spatially predicting the soil types, we 
explored three spatial prediction techniques, namely Random Forests (RF), Multinomial Logistic 
Regression (MLR), and Boosted and Regression Trees (BT). Each technique utilised the 
independent variables (covariates) by a set of defined rules based on the training data to 
develop the model. In each case, the output model was then used to predict the soil classes 
onto fine-grid of the covariates. Modelling and prediction were carried out within the R (version 
3.3.1) statistical package environment software with their respective required packages. RF was 
implemented with the randomForest package (Breiman, 2006), MLR as implemented in nnet 
package (Ripley and Venables, 2011), and BT as implemented in gbm and caret packages (Kuhn, 
2016). After pixel by pixel prediction of soil types at unsampled locations, the soil type maps 
were further processed using ArcGIS 10.1 version. Presentations of the spatial prediction 
techniques is not appropriate: in a material and methods part, the assumptions and 
mathematical basis of the method should be presented and not a bibliographic review of their 
previous applications. 
The MLR technique provides the standard penalised maximum-likelihood to multi-class pattern 
recognition problem (Cawley et al., 2007). BT is generally used for classification when the 
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predicted outcome is the class and as a regression tree model if the predicted outcome is a real 
number (Hornik et al., 2009). Most importantly it also counts the number of times the variables 
were used in the tree nodes, thus potentially is able to uncover the relative importance of the 
predictor variables (Bui et al., 2006, Witten and Frank, 2005).  
RF technique was developed by Breiman (2001) who proposes adding a layer of randomness to 
bagging techniques; each tree is independently constructed using a bootstrap sample of the 
dataset and a simple majority vote is taken for prediction (Liaw and Wiener, 2002, Liaw and 
Wiener, 2015). RF change how classification or regression trees are constructed. While in the 
case of the standard trees, each node is split using the best split among variables, RF takes 
subset of predictors and builds a tree based on bootstrap sample, repeats this a number of 
times and uses the mean or majority in case of categorical data as the predictor (Liaw and 
Wiener, 2002). Additionally RF attempts to mitigate the problems of high variance and high bias 
by averaging to find a natural balance between the two extremes.  
As stated above RF and BT are both capable of determining the most important predictor 
variable (covariates) for each model and to compare them to see whether the sets are similar. 
The variable of importance in both techniques is determined in a similar way and is computed 
on the data used to grow the trees. The general approach to estimating the importance of each 
variable in a tree ensemble to the final prediction is to permute the values of the predictor 
variables individually and determine the decrease in model accuracy for each variable (Auret 
and Aldrich, 2011). The variable of importance values for all the trees are averaged to obtain an 
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overall measure of the variable of importance (Breiman, 2001). We normalized the variable 
importance measures to a score 0 – 100 to facilitate comparison between the BT and RF. 
4.2.6 Model accuracy assessment  
Like in many other field surveys, we kept the sample size to a minimum, as each sample 
collected was expensive. Yet it was important to maintain a large enough sample size so that 
any analysis performed is statistically valid (Congalton, 1991). This is why it is important to 
assess the accuracy of the modelling techniques used. Error matrices were used to compare the 
performance of each prediction technique relative to known soil classes at specified locations. 
In this case, it is not simply a matter of correct or incorrect as it is a matter of which error or, in 
other words, which categories are being confused. Therefore sufficient samples must be 
acquired to be able to adequately present this confusion. As such, the use of the traditional 
techniques for determining sample size for an error matrix is not appropriate (Congalton, 
1991).  
Moreover, because of the large number of pixels in the remotely sensed image, the traditional 
thinking about sampling does not often apply. In such a situation, the practical considerations 
more often dictate the sample size selection. Thus a balance between what is statistically sound 
and what is practically attainable must be found. Congalton (1991) observed that a minimum of 
75 samples for each category in the error matrix is sufficient if the total study area is larger than 
1 million acres and/or the classification has more than 12 categories. If the area is 1 million 
acres or less or less than 12 categories, a minimum of 50 samples is required. This implies the 
smaller the area the less the number of samples required per category. In this study, the total 
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area was 479,631.5 acres, less than half a million acres. Additionally, the soil classification of 
GKMA had less than 12 categories. In this study, the categories had over 30 samples, which is 
sufficient to be representative and can give a good level of accuracy per category in the error 
matrices. 
As stated above, accurate quality assessment of the resultant soil maps is important for their 
practical application in the real world (McBratney et al., 2003). The model accuracy assessment 
was performed by cross-validation approach, which involves splitting the data into two sets: 
70% of the data were used for model calibration and 30% was used for validation following the 
recommendation of Brus et al. (2011). Overall accuracy (map purity), user’s accuracy and Kappa 
coefficient of agreement proposed by Congalton (1991) and Brus et al. (2011) were used as the 
quality measures of the classification output.  
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4.3 Results and discussion 
 
4.3.1 The predictor variables of importance as assessed by RF and BT  
The effectiveness of RF variable of importance identified the covariates that best contribute to 
the prediction model has been widely studied and proven to be reliable (Archer and Kimes, 
2008, Grömping, 2012, Nicodemus, 2011). The covariates deemed important by the prediction 
techniques are slightly different for the two models (Table 4.4). While in the case of RF lithology 
was most important variable, followed by slope gradient in predicting soil types, for BT, the FAO 
soil type was most important followed by lithology. Generally, both models rank lithology, 
topographic wetness index, FAO soil type, and curvature profile among the top 5 important 
predictors. BT discarded B3, parent rock, mapping unit, and sediment type as not important for 
predicting soil type. However, RF used all of the 25 predictors listed in Table 4.2. 
The remarkable difference was with the covariate- slope gradient, in which RF put heavier 
weight but BT ranked it among the least important predictor. The variables of importance for 
RF are much closer in weight (0.8 to 8.4%) compared to BT which was slightly more varied (0 to 
8.6%). This implies that all the covariates as predictors are important: this is vital for 
generalisation. Of particular note are the climatic factors, represented by data layers of 
temperature and precipitation. Despite the widely recognized direct relationship between 
climatic variables and soil type distribution the relatively small size of the study area may have 
contributed to the low level of importance of temperature and precipitation (Table 4.4). 
Moreover, as the study area lies close to the Equator, temperature variation is minimal 
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throughout the year. RF particularly, showed each of the 25 supplied variables had a different 
degree of importance in predicting the soil types. BT on the other indicated only 20 variables 
had any level of weights to the model. As described above, RF indicated lithology to be the 
most important variables followed by slope, NDVI, mapping units, and topographic wetness 
index (TWI).  
Table 4.4 Analysis of predictor variable relative importance from BT and RF models 
  BT RF 
Variable  Score (%) Rank Score (%) Rank 
Aspect 2.4 16 2.8 7 
B1 3.2 13 4.0 16 
B2 8.6 1 4.3 9 
B3 0.0 25 4.3 6 
B4 6.0 7 4.3 8 
B5 2.7 15 4.2 10 
B7 3.3 12 4.2 13 
Curvature 3.2 14 4.2 12 
DEM plan 1.0 19 3.0 22 
DEM profile 2.3 17 4.2 11 
ERA (rock age) 8.6 2 3.6 19 
FAO soil type 8.6 3 4.1 15 
Lithology 7.9 5 8.4 1 
Mapping unit 0.0 24 4.9 4 
Morphology 8.6 4 4.2 14 
NDVI 3.7 11 5.3 3 
Parent rock 0.0 25 3.7 17 
Productivity 1.8 18 1.8 24 
Precipitation 4.4 10 3.6 18 
Rock form 6.7 5 2.6 23 
Rock nature 1.0 20 3.3 21 
Slope 6.2 6 5.6 2 
Soil sediment  type 0.0 25 3.4 20 
Temperature 5.3 8 0.8 25 
Wetness Index 4.6 9 4.9 5 
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Lithology has been found to influence the distribution pattern of soils groups (Gray et al., 2011) 
possibly due to the strong relationship between lithology and soil properties (Gray et al., 2016). 
When additional environmental variables like climate, parent material and vegetation are 
included in the model with lithology, the prediction accuracy improves (Gray et al., 2015). The 
undulating and repetitive nature of the landscape in the study area makes the topography a 
very crucial variable. The topography of Buganda (Central Uganda) Catena, according to  Milne 
(1936), was carved out of two superimposed formations, so that the upper one forms the 
capping of hill or ridges and the lower one is exposed further down the slopes. This could 
explain the high rank of topography and slope in the prediction of the soil types in GKMA. 
Generally, the level of details of the predictor variable is considered an important attribute in 
influencing the final predictive maps because it contains more detailed information about 
landform and vegetation cover (Hengl et al., 2015).  
4.3.2 Model performance and the predictive maps 
4.3.2.1 Comparing the accuracy of and confusion by the models 
The results of the accuracy assessment of the three classification models are shown in Tables 
4.5, 4.6 and 4.7. All the three models predicted the seven soil types and a non-soil class (water). 
As shown in Tables 4.5 – 4.7, the rows correspond to soil classes in reference map and the 
columns correspond to classes in the classification output maps. The diagonal elements in the 
matrices represent reference soil class that actually obtained the same soil class during 
classification (Vayssières et al., 2000). The off-diagonal elements represent soil types that 
ended up in another category during classification. Off-diagonal row elements represent the 
reference soil types of a certain category which were excluded from that soil type during 
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classification leading to errors of omission (Congalton, 1991). Off-diagonal column elements 
represent reference pixels of a class wrongly included in another classification class leading to 
errors of commission (Wade, 1999).  
User’s accuracy corresponds to an error of commission and producers accuracy corresponds to 
an error of omission, they reveal if an error was evenly distributed between classes or if some 
classes were really bad and some really good (Congalton, 1991). In other words the producer’s 
accuracy (model sensitivity) indicates a measure of how well the test data are classified and the 
user’s accuracy (as actual purity) is the measure of how likely a test sample classified into a 
given category actually belongs to that category (Scull et al., 2005, Kempen et al., 2009).  
In terms of producer’s accuracy, the classes which were more accurately predicted by MLR 
model were ARE, GLY, FLU, and PLI all with producer’s accuracy above 80% (Table 4.5). These 
soils also had relatively higher user’s accuracy of over 78%.  While the soil classes with the 
lowest producer’s accuracy were ACR, FRA and NIT. These categories also had the lowest user’s 
accuracy (Table 4.5). 
ARE and PLI had the highest producer accuracy for BT model. ACR and NIT had the lowest 
producer accuracy. FLU, ARE, and GLY had the highest user accuracy. The BT model had ACR 
and NIT with lowest user accuracy (Table 4.6).  ARE, GLY, and PLI had the highest producer’s 
accuracy for RF model. On the other hand, NIT and PLI had the lowest producer’s accuracy. In 
terms of user’s accuracy, FLU and GLY had the highest user’s accuracy. ACR and NIT had the 
lowest user’s accuracy (Table 4.7).  All the three models indicate GLY, ARE, and FLU had 
consistently higher user’s accuracy compared to other categories. ACR and NIT had the lowest 
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user’s accuracy in MLR and BT models. ARE had the highest producer’s accuracy in each of the 
three models. 
The average producer’s accuracy, average user’s accuracy, overall map accuracy as well as 
Kappa statistics were highest for RF followed by MLR and BT models. The lowest Kappa statistic 
for the overall error matrix were; 0.642, 0.711, and 0.731 for BT, MLR, and RF models, 
respectively (Table 4.5, 4.6, and 4.7). The RF model had the highest overall accuracy of 77.1% 
compared to 75.3% and 69.3% for MLR and BT, respectively. While the RF model had the 
highest overall classification accuracy, PLI class was better predicted by BT and MLR. 
Table 4.5 Error matrix for soil type classes by MLR 
     
MLR 
     
 
ACR FLU NIT ARE GLY FRA NWT PLI 
Row 
totals 
User accuracy 
(%) 
ACR 21 0 0 1 0 10 0 4 36 58.3 
FLU 0 25 0 0 3 4 0 0 32 78.1 
NIT 1 2 26 0 0 12 0 4 45 57.8 
ARE 2 0 0 25 1 0 0 0 28 89.3 
GLY 0 0 0 0 44 5 0 0 49 89.8 
FRA 6 3 11 2 3 53 0 0 78 67.9 
NWT 0 0 0 0 0 0 25 0 25 100.0 
PFR 3 0 2 0 1 3 0 34 43 79.1 
Column totals 33 30 39 28 52 87 25 42 
  Producer accuracy 
(%) 63.6 83.3 66.7 89.3 84.6 60.9 100.0 81.0 
  Average producer’s accuracy: 78.7, average user’s accuracy: 77.5, sample size: 336, overall accuracy (map purity): 
75.3%, Kappa: 0.711 
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Table 4.6 Error matrix for soil type classes by BT 
     
BT 
     
 
ACR FLU NIT ARE GLY FRA NWT PLI 
Row 
totals 
User accuracy 
(%) 
ACR 19 3 0 0 6 4 0 4 36 52.8 
FLU 2 26 0 0 4 0 0 0 32 81.3 
NIT 4 1 26 0 3 11 0 0 45 57.8 
ARE 1 0 0 22 2 3 0 0 28 78.6 
GLY 0 1 1 0 41 6 0 0 49 83.7 
FRA 5 4 15 0 4 48 0 2 78 61.5 
NWT 0 0 0 5 0 0 20 0 25 80.0 
PLI 3 1 2 0 3 3 0 31 43 72.1 
Column totals 34 36 44 27 63 75 20 37 
  Producer accuracy 
(%) 55.9 72.2 59.1 81.5 65.1 64.0 100.0 83.8 
  Average producer’s accuracy: 72.7%, average user’s accuracy: 71.0 %, sample size: 336, overall accuracy (correctly 
classified): 69.3%, Kappa: 0.642 
Table 4.7 Error matrix for soil type classes by RF 
     
RF 
     
 
ACR FLU NIT ARE GLY FRA NWT PLI 
Row 
totals 
User accuracy 
(%) 
ACR 27 0 2 1 0 3 0 3 36 75.0 
FLU 2 27 0 0 2 1 0 0 32 84.4 
NIT 5 1 26 0 0 12 0 1 45 57.8 
ARE 3 0 1 22 1 1 0 0 28 78.6 
GLY 0 2 0 0 38 8 1 0 49 77.6 
FRA 3 3 5 0 2 64 0 1 78 82.1 
NWT 0 0 0 0 0 0 25 0 25 100.0 
PLI 3 1 3 0 1 5 0 30 43 69.8 
Column totals 43 34 37 23 44 94 26 35 
  Producer accuracy 
(%) 62.8 79.4 70.3 95.7 86.4 68.1 96.2 85.7 
  Average producer’s accuracy: 80.6 %, average user’s accuracy: 78.1%, sample size: 336, overall accuracy (map 
purity): 77.1%, Kappa: 0.731 
 
As stated above, the producer’s and user’s accuracy were dissimilar in the predicted soil classes 
by the different models (Table 4.5, 4.6, and 4.7). Although ARE, FLU and GLY had consistently 
high prediction accuracy in all the three models, these soils are generally influenced by 
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drainage. FLU and GLY were reported in other studies to be influenced majorly by topography 
and slope (Debella-Gilo and Etzelmüller, 2009), as whenever these two attributes are included 
in the model, the level of class accuracy improves significantly. Globally GLY are largely located 
in lowlands and wetlands as they are mainly formed in areas saturated with groundwater for 
long enough to develop a characteristic gleyic colour pattern (FAO-WRB, 2014). On the other, 
hand FLU are formed in alluvial deposits or lacustrine and marine deposits.  
The soil classes which had the highest confusion in all the three models are the NIT and FRA. 
According to  FAO-WRB (2014), these soil classes are both deep, well-drained and red and are 
both dominated by Kaolinite. Although NIT are considered more fertile than FRA, the high 
confusion could be attributable to their general occurrence in similar landscape positions. The 
error could also have resulted from the field soil misclassification as the data was obtained from 
multiple sources. For instance, while harmonising the soil map of Africa Dewitte et al. (2013) 
noticed several inconsistencies in the general north-south soil classification and distribution of 
the soils in Zambia and Malawi which was attributable to possible mistakes that during the soil 
survey and field classification which relied on subjective expert knowledge. 
Although PLI had one of the highest frequency of observations RF and BT models predictions 
mapped it as one of the least represented classes and ACR which had the lowest observation 
frequency was mapped among the most dominant soil classes. This indicates that those models 
predicted the soil classes without much influence of the observation frequency. Moran and Bui 
(2002) observed that the best models are achieved by sampling in proportion to the spatial 
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extent of mapped classes. RF and BT models predicted dominant soil classes irrespective of the 
number of point observation and were, therefore, the best prediction models.  
4.3.2.2 The spatial distribution patterns of pre-urban soils by different models 
The frequency distribution of the soil classes as predicted by the three model shows FRA as the 
most dominant soil class in the study area 28.8, 27.9 and 30.9% MLR, BT, and RF, respectively. 
The models also predicted GLY and NIT as next most dominant soil classes (Table 4.8). BT and 
RF models generally had a similar proportion of soil classes but differed from the estimates of 
MLR model. With the exception of NIT which BT model estimated to cover 14.7% and RF 18.4%, 
the rest of the categories had generally similar estimates from these two models. MLR model 
had a higher estimate of the ARE class of 3.7% while RF and BT models had a lower proportion 
of ARE class in the study area; 1.9% and 2.7% for RF and BT, respectively. The Non-soil class 
(Water) RF, BT, and MLR models classified 17%, 16.4, and 16.6 the study area as Non-soil –
water (Table 4.8). 
For the comparative purpose, the rules defined by the three models were separately analysed 
to create predictive soil type maps for the study area (Fig. 4.3). The general patterns of the 
spatial distribution of these soils are quite similar for all models (Fig. 4.3). Gleyic ARE was 
mapped as the most dominant class by all of the models, especially in regions closer to the 
shores of Lake Victoria. As expected the wetlands are dominated  by GLY. Although most of the 
permanent wetlands are protected and GLY soil class is experiencing limited interference 
comapared to other soil classes of good drainage, there are several incidences of illegal 
encroachment on wetlands from farming especially those located near slum areas.  
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NIT are dominant in the central part of Kampala city area but it  also spreads out into other 
parts of the study area. FLU soil class is dominantly found in riparian niches.  
 
Figure 4.3 Comparison of predicted soil maps for Kampala Metropolitan area using BT, RF and 
MLR models. Includes a section of Lake Victoria 
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As shown in Table 4.8 the MLR predicted FRA, NIT, GLY, and PLI as the most dominant soil 
classes in the study area. It should be noted that these soil classes also had the most point 
observations 78, 45, 49, and 43, respectively (Table 4.5). Comparatively, MLR mapped ARE, 
ACR, and FLU as the least dominant, in terms of observations these classes had 28, 36, and 32. 
Similar to  Kempen et al. (2009) and Hengl et al. (2007) our results from MLR indicate that the 
most frequently observed soil classes are overrepresented on the predicted soil maps 
particularly FRA. Although Hengl et al. (2007) observed that the weak association of the 
predictors with some of the soil classes,  Kempen et al. (2009) did not find evidence of the weak 
associations with less frequently observed soil classes being the cause of overrepresentation of 
the most frequently observed soil classes.  However, Kempen et al. (2009) argue that it is 
caused by the strong influence of the marginal probability distribution on the conditional 
probability distribution when using MLR models. MLR uses a maximum likelihood estimation 
method, it generally requires a large sample size. The soil class pedological and statistical 
accuracy may be influenced by the frequency of the observations per class. It thus, appears that 
MLR model performs better where there more soil data and in the areas with limited soil data 
its prediction accuracy is largely limited. 
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Table 4.8 Soil type classes for Kampala soils using three different models 
 
RF BT MLR 
  km
2 % km2 % km2 % 
ACR 208.8 10.8 202.1 10.4 111.0 5.7 
FLU 90.2 4.6 85.1 4.4 125.6 6.5 
NIT 297.0 15.3 289.1 14.9 306.6 15.8 
ARE 36.2 1.9 52.2 2.7 72.5 3.7 
GLY 323.8 16.7 354.8 18.3 305.3 15.7 
FRA 598.7 30.9 541.0 27.9 559.5 28.8 
NWT 330.7 17.0 319.1 16.4 321.6 16.6 
PLI 55.2 2.8 97.2 5.0 138.5 7.1 
Total  1940.6 100 1940.6 100 1940.6 100 
 
4.3.3 Loss of productive soils to urban expansion and intensification 
A key objective of this study was to determine how much of prime agricultural land has been 
lost to urban expansion and intensification. Based on the LULC classification output (Chapter 3) 
and the more accurate soil pattern in GKMA as predicted by RF (Fig. 4.3), we quantify the loss 
of quality soil to urban expansion between 1989 and 2015. The results indicate that at least all 
soil types were encroached by the urban housing development (Fig. 4.4). However, the most 
affected soils are the NIT, with a total land area of 148.3 km2 (representing 50% of the total NIT) 
were lost to urban expansion and intensification between 1989 and 2015. This is followed by 
PLI, FRA, and ACR which respectively lost about 32.9%, 26.3 and 25.6% (Table 4.9). This 
demonstrated that soils that are characterised by good physical properties for agricultural 
production were most preferred for urban expansion and intensification due to the reduced 
expected costs of development. As such GLY, even though constitutes a large portion of the 
study area, they are less affected, only 10% was lost (Table 4.9) because these soils often have 
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poor drainage and in some parts of the year they become waterlogged. Thus the swamps, river 
and lake banks where GLY are dominant were largely left untouched by urban development. 
 
Figure 4.4 the spatial distribution of the soil quality for agricultural production in GKMA using 
FAO classification system (RF model) 
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Based on the broad FAO soil quality classification system (FAO-WRB, 2014), 73.8% of the soils 
under urban category belong to medium to high productive soils for agriculture (Table 4.9), a 
figure higher than the national average for Uganda which was reported to be 22% (Parsons, 
1970). This implies that the soils which have been encroached by urban area are 3.4 times as 
productive as the national average. This is similar to the average agricultural land lost to urban 
expansion in Africa, reported  being three times as productive as average agricultural land on 
the continent (d’Amour et al., 2016). This similarity is due to the fact that historically cities in 
Africa started in areas which were most fertile attracted settlements for agricultural 
production. Similarly, during colonization of Africa, the administrative centres were set-up in 
the most fertile lands close to water sources for the purpose of accessing export commodities. 
These administrative centres have eventually become the present day major urban centres 
(Beauchemin and Bocquier, 2004), as is the case of GKMA.  
Therefore, the replacement of a natural eco-system with an urban environment has a profound 
impact on soil diversity, quantity, and quality of soil resources. This is attributed to the 
manipulation of the soils in an urban set-up which leads to the disappearance of soil ecological 
functions by surface sealing; deterioration of soil chemical, biological and physical properties; 
adverse influence on soil morphology and soil profile development; and soil contamination 
(Zhang et al., 2002).  
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4.3.4 Key discussion  
4.3.4.1 Overall methodology and relative performance of DSM techniques in your context 
Many previous DSM studies have applied MLR technique for soil classification and mapping- for 
example to update the soil map of the Netherlands (Kempen et al., 2009), for spatial prediction 
of soil classes in Norway (Debella-Gilo and Etzelmüller, 2009), to reproduce soil map and 
predict soil distribution in the landscape in Egypt (Abdel-Kader, 2011), for spatial prediction of 
soil groups in Iran (Jafari et al., 2012), and sampling for validation of digital soil maps (Brus et 
al., 2011). BT has been found to predict soil type with reasonable accuracy from environmental 
variables (Scull et al., 2005, Schmidt et al., 2008). Like Random Forests, BT is not sensitive to 
missing data and can handle both quantitative and categorical data. RF was found to perform 
very well compared to other classifiers (Prasad et al., 2006, Liaw and Wiener, 2002).  
RF has been used in soil type prediction in several studies with high level of overall accuracy 
(Camera et al., 2017, Brungard et al., 2015, Stum et al., 2010, Heung et al., 2016) and also in the 
prediction of soil attributes (Akpa et al., 2016, Wiesmeier et al., 2011, Grimm et al., 2008). 
However,  RF has also been employed in various fields like ecology (Cutler et al., 2007, Prasad et 
al., 2006), land cover classification (Rodriguez-Galiano et al., 2012), and vegetation productivity 
mapping (Ugbaje et al., 2016). 
4.3.4.2 Advantages of DSM techniques and limitations of using legacy soil data 
The central Uganda region, where Kampala is located, was the origin of the soil catena concept 
due to the repetitive nature of the landscape patterns. It is therefore expected that predictive 
soil mapping would perform well in this region, due to the similarity of the landscape. 
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Lagacherie et al. (1995) observed that DSM techniques tend to produce more accurate 
predictive soil maps in regions with identifiable and repetitive soil patterns (due to the easy to 
obtain quality and optimization of the number of observation points) compared to other types 
of landscapes. 
This study is important because very few DSM studies, especially on mapping soil types have 
been carried out in SSA in general and Uganda in particular (Mora-Vallejo et al., 2008, Dewitte 
et al., 2013). These techniques will be very important in updating the soil maps in most 
countries in SSA as updating exercises have been hampered by the paucity of funds required 
especially for fieldwork. This is more important as these techniques rely on environmental 
covariates which are widely available. 
A key limitation of using environmental variables to predict the soils at an unsampled location is 
the number of representative samples, particularly for mapping pre-urban soil patterns where 
undisturbed areas might not be sufficient. In an urban set-up, random selection of the sites is 
also unattainable as most of the computer-generated random sites may fall on developed 
urban areas. For instance, in this study, of the 1000 computer generated random points, only 
163 were located at or near undisturbed sites. This means an extensive preliminary survey is 
required to identify possible sites for profile description to avoid much adjustment in the 
sampling design. The panacea to this problem lies with the fact that in most urban centres in 
SSA, the unchanged sites in urban and peri-urban areas are mainly forest reserves and 
protected areas which offer a good representative areas for mapping pre-urban soil patterns. 
Based on the variable of importance provided by RF and BT, predictions are obtained when 
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several environmental covariates are used, although this not a serious issue as most of the 
covariates are readily available and/or can be derived easily from existing remotely sensed 
imagery. The maps produced using these proposed techniques can only be representative 
where there is soil data. These techniques work best in areas with a generally similar landscape.  
Another limitation is related to the multi-source nature of data used in this study: part of the 
soil data were obtained from point observation, the second soil data was obtained from the soil 
survey data of 1956 the reclassification of these old soil profiles which were acquired using old 
analytical methods in the WRB system may lead to uncertainty related to a posteriori 
classifying. In addition, the third set was acquired from the Africa Soil Information Service 
(AfSIS), which in itself was multi-sourced. Whereas all these sources provided useful 
information about the soils before the urban growth of Kampala which is the focus of this 
study, there is a potential problem of uncertainties that cannot be completely eliminated. Many 
of the observation points from the 1956 soil survey data, currently covered by buildings or have 
been altered, could not be verified. But given the keen interest in which these data were 
collected, we strongly consider them as representative. 
In addition, assessing soil quality using the soil type derived from the upper level of FAO_WRB 
classification also has a great level of uncertainty for general soil productivity. However, the 
inclusion of important soil properties for agricultural purpose, for example, the physical 
properties like depth, texture, and drainage as well as chemical properties like soil pH and C:E:C 
and exchangeable bases in the classification lower the uncertainty of the soil quality for 
agricultural production derived by this method. 
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4.4 Conclusions  
This study was conducted to map the pre-urban soil pattern in the GKMA and also to compare 
the performance of RF, BT and MLR models in the mapping procedure. The results 
demonstrated that the models are reasonably good for mapping soil type patterns. All the 
model had an overall accuracy of over 65%. RF and BT yielded relatively similar predicted soil 
patterns. As a result of differences in selecting the predictor variables in the model, the soil 
type predicted by RF had the highest accuracy (based on overall accuracy and Kappa statistic) 
than BT and MLR. The soil types were well predicted by lithology and topographic wetness 
index in both the RF and BT approaches; these predictor variables are the most important 
factors of soil formation in the study. The Landsat TM bands were also found to be important 
predictors by the three techniques, probably due to the fact that these bands reflect the 
vegetation (organisms), which is also an important factor of soil formation. Although there 
were built-up areas in 1989 which would influence the bands’ performance as predictors, we 
did not expect this to substantially affect the overall soil prediction accuracy because the built-
up area in 1989 was quite small (Fig. 4.2). On the other hand, climatic variables such as 
precipitation and temperature were less important in modelling soil types, which can be 
attributed to the little spatial variation of climate in the study area. 
By using a combination of legacy soil data and field observations from undisturbed locations, 
this research has demonstrated that pre-urban soil patterns can be reconstructed. In addition, 
MLR, RF and BT techniques can be used to predict soils classes with a great level of accuracy 
even with limited soil data BT and RF perform quite well. Thus, BT and RF should be used in the 
predictive mapping of soils. However, RF is the most accurate of the three techniques. These 
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findings demonstrate DSM will provide a relatively cheaper approach to update and improve 
the soil maps in most SSA countries where soil maps are largely old and lack sufficient detail for 
land use planning. This also acts as an exemplar to further studies on the quality change of soils 
in urban and peri-urban areas and its impact on agriculture and other natural ecosystems, for 
the sustainable development of SSA cities.  
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Abstract 
The socio-economic challenges resulting from declining urban and peri-urban agriculture (UPA) 
due urban development are expected to affect the urban poor most, especially in Sub-Saharan 
Africa (SSA). However, the associated reduction in UPA farm sizes, income, and food security 
and the urban household coping strategies including have not been generally studied. We 
attempted to address this gap by carrying out UPA household survey and public food market 
survey in Kampala which involved 158 urban farming households and 181 urban market food 
vendors. Additional data were obtained from the Uganda national household surveys (UNHS) 
and market food price surveys by Uganda Bureau of Statistics (UBOS). We identified the 
dominant crop type, demography, and determined the average farm size, household income 
under UPA. In addition, we assessed the urban foodstuff sources, market food competition, and 
demography of food vendors. The results indicate average size of farms under UPA decreased 
about 4 times between 2002 and 2015 (1.9 acres in 2002 to about 0.5 acres in 2015). In 
addition, about 41% of the urban farming is done on public lands which imply government 
policies are crucial in determining the future of UPA in Kampala. Moreover, 37% of the UPA 
farmers are below 30 years of age. We also found a significant association between household 
size and the household’s involvement in UPA. About 33.3 % of the new urban market food 
vendors were previously full-time farmers. About 65% of the leafy vegetables sold in Kampala 
comes from UPA. Finally, we found that the prices of most fresh foodstuff sold in Kampala have 
increased more than three times between 2005 and 2015. These results indicate UPA as a 
source of income and household food supply is vital for the livelihood of especially the urban 
poor population and it is an important component for sustainable development. 
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5.1 Introduction 
Urban and peri-urban agriculture (UPA) has been increasingly viewed as an alternative food 
security strategy in virtually all Sub-Saharan Africa ( SSA) countries (Maxwell, 1995, Hooton, 
2007, Yeudall et al., 2007, Nyapendi et al., 2004, Tevera, 1996, Mkwambisi et al., 2011, Obuobie 
et al., 2006, Lynch et al., 2013, Maconachie et al., 2012, Hovorka, 2005b, Hovorka, 2005a, Cofie 
et al., 2003). According to Obeng-Odoom (2013), the share of the urban population involved in 
UPA is an important proxy for assessing the contribution of UPA to the urban food supply. 
However, literature is awash with varying proportions of the total SSA urban population 
involved in UPA (Vermeiren et al., 2013, De Bon et al., 2010, Nugent, 2000). The disparity in the 
estimates could be attributed to the fact that the proportion of the population engaged in UPA 
is dynamic as farmlands are under high pressure from competing urban land uses.  
Moreover, the widely reported estimates focus on the urban poor population because of they 
are more dependent on UPA for income and household food supply with more than 65% 
farming (De Bon et al., 2010, Mkwambisi et al., 2011). However, urban poor are not the only 
people who produce food locally, as UPA is generally linked to access to agricultural land 
(Danso et al., 2004, Crush and Frayne, 2011). Generally, UPA is expected to continue to play an 
important role as an immediate means of access to food supplies to the urban poor, however, it 
is facing a threat from the rapid rate of urbanisation leading to loss of farmlands which is 
preventing many farming populations from accessing agricultural land. 
Urban growth has led to rapid changes in urban landscapes particularly involving the 
conversion of urban agricultural lands to built-up and other urban land uses and reduction of 
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farm size (Vermeiren et al., 2013, Simon et al., 2004). A study in Uganda that assessed the loss 
of agricultural land indicated a significant reduction in household landholding due to urban 
encroachment and farm size is projected to reduce by 62% of their current size by 2030 
(Vermeiren et al., 2013). However, the detailed socio-economic implications of agricultural land 
loss and reduction of farm size on the livelihood and welfare of the urban poor farming 
communities that lost land to urban encroachment have not been examined.  
Previous comparison of the  socio-economic indicators like household income, nutritional status 
of children, and portion of household income spent on food purchase between low-income 
farming households and non-farming counterparts demonstrate that UPA farming households 
are better than non-farming households in all indicators (Zezza and Tasciotti, 2010, RUAF, 2010, 
Maxwell et al., 1998). This implies as more and more households lost agricultural land due to 
urban encroachment, the proportion of the non-farming households will rise which could lead 
concurrent rise in food insecurity. Various studies have found a strong link between the 
dominance of low-income urban non-farming households with urban poverty and vulnerability 
to food and nutritional insecurity (Zezza and Tasciotti, 2010, Simler, 2010). Therefore, the 
decline of  UPA in the urban fabrics is expected to increase the vulnerability to food shocks and 
rise in food price and supply volatility in short and longer term since UPA is considered as an 
effective counterbalance measure (Cohen and Garrett, 2010).  
Farming households spend less portion of their household income on food purchase compared 
to non-farming households. Loss of farmlands to urban sprawl implies a reduction in household 
produced food and an increase in the portion of household income spent on food purchase. 
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Kigutha et al. (1998a) reported a strong positive association between the share of household 
income spent on food purchase and the vulnerability of households to food insecurity in SSA. 
Thus an Increase in agricultural land lost implies the rise of the proportion of urban net food 
purchasers and vulnerability to food prices changes (Ruel et al., 2010, Cohen and Garrett, 2010, 
Benson et al., 2008). A classic example occurred in 2008 when food prices rose that sparked 
urban riots and political unrests across SSA because of the large households’ size in SSA. 
Household food insecurity has been reported to increase with an increase in household size 
(Kigutha et al., 1998b).  
Specific information on the urban household alternative coping strategies to loss of 
employment from UPA like urban market food vending is missing in the literature. However, 
the emergence of several large supermarket outlets which usually produce their own fresh 
foods or source from large-scale commercial farmers are expected to outcompete urban 
market food vendors as well as surviving small-scale UPA farmers (Reardon et al., 2003, Neven 
et al., 2006, D’Haese and Van Huylenbroeck, 2005).  Loss of UPA lands also means foods sold in 
urban centres will need to be sourced from far places which increases the distance between 
production and final consumption areas. However, little is also known about how this increase 
in distance will affect urban food prices in SSA cities. It has been reported that in the developed 
countries if all foods were sourced within 20km of the places of consumption, food prices 
would be lowered by 12% (Pretty et al., 2005). This inverse relationship of food prices with an 
increase in distance from consumption areas to production farms could be even higher in SSA 
due to the problem of poor infrastructure and the tendency to transport foodstuff in bulky raw 
form (Lee-Smith, 2010).  
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This study explores the socio-economic implications of the loss of agricultural land and the 
alternative sources of income for the urban poor households particularly market food vending 
in Uganda. Specific aims of this study include:  (i) assessing the proportion of foods sold in 
urban food markets and determining the proportion of these foods sourced from UPA, (ii) 
determining the current UPA household farm sizes and comparing it with the previous years 
before urban intensification in order to assess the population displacement from UPA 
employment, (iii) determining the gender involvement in UPA and market food vending, and 
(iv) examining the urban food price trends of foods traditionally sourced from UPA in response 
to increase urban encroachment on UPA farms.  
5.2 Material and methods 
 
5.2.1 Study area 
The study was conducted in Greater Kampala Metropolitan Area (GKMA), comprising of 
Kampala Uganda’s capital and the largest city and the surrounding satellite towns. It is located 
in central Uganda on the showers of Lake Victoria (the largest lake in Africa). GKMA is the 5th 
fastest growing region in Africa and 13th fastest globally which has expanded more than three 
times between 1989 and 2015 with records showing the growth rate of up to 5.6% annually 
(Lwasa, 2007). GKMA  is one of the regions with the highest annual rainfall (about 1293 mm 
precipitation) well distributed throughout the year; the driest month receives about 62mm 
rainfall (UN-Habitat, 2009). The average annual temperature is 21.3 °C (http://en.climate-
data.org). 
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Historically, Central Uganda (Buganda) was the most agriculturally important region in Uganda 
during colonial era because of the favourable climate and fertile soils (Radwanski, 1960). Thus 
areas around Kampala are one of the most agriculturally productive areas in Uganda where 
agriculture is predominantly rain-fed and is characterized by low synthetic fertilizer use. Fertile 
soils and reliable rainfall support rain-fed agriculture and low-cost production which enables 
even poor households living in and around the city to engage in farming productively (Baker, 
1956). Thus, agriculture is the major activity occurring in open spaces (urban agriculture) and 
transition areas between urban and rural (peri-urban agriculture) in the GKMA. 
UPA has always been part of the economy and an important livelihood strategy for the urban 
poor population, particularly women (Hooton, 2007). In addition, the farming households were 
reported to earn over 30% more income than the non-farming counterparts (RUAF, 2010). In 
addition, based on the nutritional status of children as an indicator of food security Maxwell et 
al. (2000) found children from farming households having better nutritional status than those 
from the non-farming households. 
 Access to land for urban farming was found to have a significant association with higher levels 
of household food security and improved child nutrition (Maxwell, 1995). Unfortunately, in the 
early 1990s, there were several bylaws in Kampala that prohibited UPA which were based on 
the generalization about the health hazards related to UPA farming.  Due to the overwhelming 
evidence of the relevance of UPA in the GKMA fabrics initiated by Maxwell and Zziwa (1993), in 
2005 the then Kampala City Council (KCC) now Kampala Capital City Authority (KCCA) legalised 
UPA farming anywhere within GKMA except protected areas like wetlands, parks and lands 
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near railway line (Vermeiren et al., 2013). Several wetlands have nevertheless been encroached 
on especially those close to slum areas because of the increased need for household food 
supply. In addition, due to the fragile nature of the wetlands, their agricultural productivity is 
gradually decreasing because of population pressure (Kabumbuli and Kiwazi, 2009). A report by 
UN-Habitat (2010) indicates that about 25% of the people in Kampala live in slum areas. 
Demographically, a high proportion of slum dwellers are normally the poorest of the poor 
whose major source of the food supply is household farming.  
However, the proportion of urban residents engaged in UPA is gradually declining as the city 
continues encroaching into peri-urban agricultural lands. In the 1990s more than half of the 
urban residents in GKMA were involved in full-time UPA. But this proportion has declined, by 
2012 the proportion of the population involved in both part-time and full-time UPA  for 
household food supply and income was about 30 % of the total population (Arku et al., 2012). 
This proportion could be lower now due to the increased level of urban intensification and 
expansion in recent years. 
5.2.2 Data source 
Data for this study were obtained from a household survey and urban food markets survey 
conducted between July and December 2015. Supplementary data were obtained from Uganda 
Bureau of Statistics (UBOS) which conducts Uganda National household surveys (UNHS). 
5.2.2.1 UPA household survey 
Household survey to obtain qualitative or quantitative socio-economic survey can employ 
unstructured, semi-structured or structured questionnaires. Each of these interview 
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approaches has advantages and limitations. Unstructured interactive interviews are 
appropriate when the researcher seeks to learn primarily from respondents. The questions are 
not pre-arranged and it creates more rapport as respondents flow freely. Unstructured 
questionnaires have mainly open-ended questions and allow the interviewees to express their 
opinions without the bias associated with restricting responses to prearranged choices 
(Malhotra, 2006). Whereas researchers may obtain underlying motives when using 
unstructured questionnaires, quite often data that are relevant to the question may not be 
obtained if the respondent digresses and talks about irrelevant issues (Kajornboon, 2005).  
On the other hand, structured questionnaires have mainly pre-determined close-ended 
questions often used to obtain quantitative data. Whereas structured interviews follow pre-
planned and close-ended questions. It is often used for collecting quantitative data. Moreover, 
probing questions may not be asked during the interview (Phellas et al., 2011). Semi-structured 
questionnaires are appropriate when interviewers are familiar with the research topic allow 
enable probing for more information and clarification of answers  (Louise Barriball and While, 
1994, Whiting, 2008).  
In this study, semi-structured questionnaires were designed and administered to obtain 
relevant information on UPA and food marketing in urban public markets. The GKMA UPA 
farmers’ survey involved residents who practice some form of agriculture. The objective of this 
survey was to determine the current dominant crops under UPA, urban household landholding 
size, and ownership of land under UPA. In addition, the household survey sought to obtain 
information on the income, main reasons for UPA farming, major limitations UPA farmers face 
in the increasingly urbanized environment. Stratified sampling technique was used where the 
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five divisions of Kampala were used as strata. Within a stratum, systematic sampling was 
performed on the basis that respondents are selected about 500 metres apart.  
UPA is not uniform throughout all the parishes of Kampala; some parishes have more UPA 
farmers than others  Yeudall et al. (2007) provides a map of the parishes in each division where 
UPA is prevalent. The sample was selected from four of the five divisions of Kampala (Table 
5.1). A total of 158 households was selected targeting households involved in some form of 
agriculture particularly crop growing. Only Central division (which comprises largely Kampala 
CBD) was not selected because farming in this division has almost entirely disappeared due to 
urban intensification and Kampala Capital City Authority (KCCA) laws that strongly prohibited 
farming on public land within the CBD. Wakiso which is recognised as an independent district 
almost engulfs Kampala city and forms most of the peri-urban part of GKMA. Fig. 5.1 shows the 
location of the parishes within each division where urban farmers were selected. 
Table 5.1 Distribution of the UPA farmers visited in Kampala 
Location Division No. of  farmers 
Urban  Nakawa 30 
Urban  Rubaga 37 
Urban Makindye 3 
Urban  Kawempe 9 
Urban Wakiso* 19 
Peri-urban Wakiso* 60 
Total 
 
158 
*Wakiso is a district, this study takes it as another division of Kampala because it forms part of 
the urban and peri-urban part of GKMA,  
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Figure 5.1 Map of the parishes in Kampala. Highlighted parishes show the areas where urban 
farmers were surveyed.  
 
5.2.2.2 Urban food marketing surveys 
The second semi-structured survey was carried out to obtain data from the GKMA urban public 
food markets in the leading food markets in Kampala. These markets act as the arrival point of 
fresh foods from urban, peri-urban, and rural areas in and around Kampala and the 
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neighbouring districts particularly, fresh foods from Eastern, Central, and Western Uganda. The 
traders in these markets usually operate as wholesalers who sell to retailers (Ssebunya and 
Nsubuga, 2012). These wholesalers buy directly from farmers or from middlemen that buy from 
farmers (have knowledge of the sources of the foodstuff).  
KCCA states that the urban food traders are in excess of 110,000 with 70% women. At least 
300,000 customers visit these markets daily but the number of customers is higher on 
weekends (Goodfellow, 2013). In this study, 181 public urban market food vendors were 
randomly interviewed from the leading food markets in each division (Table 5.2). Also, the 
selection of the respondents followed a stratified sampling technique on the basis of gender. 
The two strata, male or female and then systematic sampling of after every five stalls. 
Table 5.2 Distribution of urban food markets where the survey was conducted 
Division Name of Market No. of Vendors interviewed 
Central Nakasero 49 
 
Owino 15 
 
Total  64 
Nakawa Ntinda 4 
 
Nakawa 20 
 
Total  24 
Rubaga Mengo 2 
 
Kasubi 20 
 
Nateete 12 
 
Kutano 2 
 
Kitunzi 9 
 
Total  45 
Makindye Namuwongo 7 
Kawempe Kalelrwe 27 
 
Kenyatta 10 
 
Total 37 
Wakiso Bweyogerere 4 
 
Total 4 
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The survey provides information on the major source of the foods sold in GKMA in order to 
estimate the contribution of UPA by assessing the proportion of the foodstuff that comes from 
within and around Kampala.  
The market food vendors’ survey and UPA farmers were conducted by administering a semi-
structured questionnaire (Appendix 5.2). The additional information was sourced from UBOS. 
5.2.2.3 Periodic National household surveys (UNHS) 
The results of the surveys were compared with the available records before urban 
intensification obtained from Uganda National Household Surveys (UNHS). The UNHS collect 
comprehensive socio-economic, community, labour, forestry and agricultural information in 
both urban and rural households. This study obtained the socio-economic part of the UNHS 
data including unemployment and employment, landholdings, cropland, migration, economic 
activities, and income from agricultural production. The UNHS data were obtained for 1999, 
2002, 2006, 2010 and 2013, and including the 2013 School-to-Work Transition Surveys (SWTS) 
datasets obtained from UBOS.  
The data on the food prices in Kampala were obtained from UBOS. Urban food price data are 
collected daily by UBOS from the leading urban food markets in Kampala. This exercise has 
been ongoing since 2005. The dataset includes all the food items sold in the urban food markets 
in Kampala including the staples, fruits, vegetables and legumes. These data were analysed to 
assess the trend of food prices as the GKMA continues to grow and encroach on the agricultural 
lands in the peri-urban areas. 
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5.2.3 Data analysis 
For continuous data, for example, the household average agricultural land holding, one-way 
ANOVA was performed (comparing urban and peri-urban areas). For the dominant crops grown 
and UPA farmers’ demographics, cross-tabulations were used to determine the urban and peri-
urban proportions. The market food vendors’ demographics were analysed using cross-
tabulations to determine the male and female proportions. The urban food price changes was 
analysed with the ANOVA (fulfilling the conditions of equality of variance and normal 
distribution). Statistical significance of the continuous data was set as a p value of < 0.05, 
whereas the differences between categorical data groups were assessed by Pearson’s chi-
square test.   All the analyses were performed in SPSS (IBM SPSS Statistics, version 22). The 
graphs were created using Microsoft Excel version 2013. The reduction of agricultural land 
between 1989 and 2015 was obtained from the multi-temporal analysis of Landsat ETM images 
of 1989, 2001 and 2016 land use and land cover (LULC) classification performed in Erdas 
Imagine 213 and ArcGIS 10.2. 
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5.3 Results and discussion  
 
5.3.1 Urban and peri-urban farming in Kampala 
UPA plays an important role as a source of income, employment and household food supply in 
many urban centres in SSA. In this study, a total of 158 households (98 urban areas and 60 peri-
urban households) participated in data collection exercise. UPA is widely practiced in Uganda 
and it is embraced by urban residents of all the levels of income, all age groups and gender. The 
people involved in UPA either on part-time (supplement income or household food supply) or 
full-time basis. UPA also supports the urban market food vendors through its supply of foods 
sold in markets. This study reports the current situation of the UPA in Kampala 
5.3.1.1 UPA farmer's characteristics (Demographics) 
Urban and peri-urban farmers cut across gender divide though, as expected, there is a higher 
proportion of females than males. Thus over 57% of the UPA farmers are females (Table 5.3). 
Similarly, various age groups are involved in UPA, Table 5.3 also shows that urban farmers are 
predominantly young people below 30 years, comprising 42% of urban farmers, and 29.6% of 
peri-urban farmers. Importantly about 37.3% of UPA farmers are in the youth bracket of below 
30 years of age (Table 5.3). This is different from the findings in Ghana where only 17% of the 
UPA farmers are below 30 years (Danso et al., 2004). The involvement of the young urban 
residents in UPA in GKMA could be attributed to a rise in the proportion of unemployed youth 
in the country (Pletscher, 2015). In terms of the highest level of education attained, it is 
generally people of low level of education that are involved in UPA; however comparing urban 
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and peri-urban farmers, people with higher education level in urban are more likely to engage 
in agriculture than those in peri-urban 34.1 % of the urban farmers have attained college or 
university education compared to only 6% of the peri-urban farmers (Table 5.3).  
Table 5.3 Urban and peri-urban farmers’ characteristics in Kampala (n =158) 
Variables 
 
UPA farmers ( n= 158) 
 
  
Urban (n = 98) Peri-urban (n= 98) Total (%) 
Gender Female 59.2 53.3 57.0 
 
Male 40.8 46.7 43.0 
Age group Less than 30 years 42.0 29.6 37.3 
 
31-45 years 37.5 57.4 45.1 
 
46-55 years 20.5 9.3 16.2 
 
56 and over 0.0 3.7 1.4 
Levels of education  None 1.2 10.0 4.4 
 
Primary 20.0 40.0 27.4 
 
Secondary 44.7 44.0 44.4 
 
College or University 34.1 6.0 23.7 
Household size Less than 5 people 14.6 24.1 18.4 
 
over 5 people 85.7 75.9 81.6 
Farming period Less than 5 years 50.0 28.3 41.8 
 
Over 5 years 50.0 71.7 58.2 
Land ownership Family land 40.8 98.3 62.7 
 
Rented land 17.3 0.0 10.8 
 
Public land 41.8 1.7 26.6 
Location of farm Backyard 61.3 96.7 75.2 
 
Farm 1.1 1.7 1.3 
 
Public areas 37.6 1.7 23.5 
Use of UPA produce Food only 57.14 66.67 60.76 
 
Income and food 42.86 33.33 39.24 
Income < 100000 20.8 26.3 22.0 
 
100000 - 300000 59.7 52.6 58.2 
 
Over 300000 19.4 21.1 19.8 
Major use of income Food 12.2 3.3 8.9 
 
Rent 3.1 1.7 2.5 
 
household expenses 23.5 20.0 22.2 
 
School fees 61.2 75.0 66.5 
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About 97% of the urban population and 99% of the rural population in Uganda live in group 
categorized as households (UBOS, 2014).  Household size is one of the key aspects that drive 
the involvement in farming. About 82 % of the UPA farmers have a household size of more 
than 5 people, compared to average household size in GKMA of 3.5 (UBOS, 2014). This could 
be attributed to the possibility of family members offering labour especially those that have no 
formal jobs. These results are similar to what Maxwell (1995) reported that size of household 
in Kampala significantly influenced the probability of farming. In another study by Yeudall et al. 
(2007) the average farming household size in Kampala was about 7 people. Large household 
size also means larger required quantities of foodstuff and thus more income is required for 
food purchase that compels households to produce part of their food requirements to cut 
household expenditure. In Kenya, a household size of fewer than four people was found to be 
more food secure and had 181% of their household food requirement while households with 
more than 7 people had only 68% of their food requirements (Kigutha et al., 1998b). Thus a 
larger proportion of the UPA farmers are involved for household food supply purposes. 
Another important feature of this study is the length of time households have engaged in 
farming. The study indicates that 81.6% of the UPA farmers have been farming for more than 5 
years. Although Maxwell (1995) noted that the length of time the head of household had been 
in Kampala significantly influenced the probability of farming, this study found close to this 
figure in peri-urban areas where over 70% of the farmers had been farming for more than 5 
years. However, our results show no significant association between the lengths of time the 
head of household has been a resident of GKMA with urban farming. This could be a result of 
the increasing urban intensification that makes it hard for urban farmers to retain the farmland 
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for a long time. Another possibility is because a significant proportion of the urban farmers use 
public land (Table 5.3 and 5.4) which indicates lack of secure land tenure.  
This study also revealed that farmers consume at least part of their food products with 60% of 
the UPA farmers indicating household food supply as the main reason for engaging in farming.  
Conversely, about 40% of the farmers sell part of their produce for income. The results are 
slightly different from what was reported for Freetown where about 65% of the UPA farmers 
indicated income as the main reason for farming and only 9% for food (Lynch et al., 2013). The 
higher disparity of the proportion of farmers’ involvement in UPA for household food supply 
between Kampala and Freetown could be attributed to increased levels of food prices in 
Kampala which is compelling people to sell less of their agricultural products.  
The proportion of agricultural products sold was found to be generally higher for peri-urban 
UPA farm households than those of urban in the 2000s (Atukunda et al., 2003). However, Table 
5.3 shows that only 33% of the peri-urban farmers sell part of their produce. This could be 
attributed to the decrease in production as the urban areas expand which has reduced the 
surplus for sale and an increasing need to meet household food supply. 
Access to land under UPA is though: family land, rented land, borrowed land, and public land. 
Although our results indicate about 63% is family land and about 27% public land when urban 
farms considered separately about 42 % farm on public land and 41% on family land (Table 5.3).  
Table 5.4 explains this difference between urban and peri-urban in terms of access to farmland. 
It illustrates income status (poor, middle class, and upper class) of households influence access 
to land and where the farms are located. 
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Table 5.4 Mode of access to land by urban farmers in Kampala 
Class Access to land Farm location  Major reason  UPA activities 
Poor Rent Road sides Food/ growing crops 
 
undeveloped 
plots Wetlands income casual labour on farm 
 
private landlords Other 
 
Casual labour at food markets 
    
Food traders 
Middle 
class Family land Backyards Food/ growing crops 
 
institutional land Schools Income 
 
  
Police 
barracks 
  
     Upper class Family or private Farms Income Commercial/hobby farming 
 
5.3.1.2 Dominant crops under UPA 
All urban farmers grow more than one crop on the same piece of land simultaneously. 
However, certain crops tend to appear more frequently in the study area than others. This 
section examines the most dominant crops under UPA in the GKMA. The most dominant crops 
grown under UPA are vegetables, legumes (mainly beans), plantain (matooke), fruits and maize, 
respectively. Our study shows that about 80% of the UPA farmers grow vegetables (Table 5.5). 
This could be attributed to the ease of growing vegetable and because vegetables have a short 
growing season. Certain types of vegetables could be ready for harvest in as short as two weeks 
when there is sufficient soil moisture. These vegetables can be grown on borrowed land, public 
land, and undeveloped plots in urban areas quite easily. Historically, according to Bigsten and 
Kayizzi-Mugerwa (1992) as early as I990s, the informal sector activities in Kampala was 
dominated by vegetable growers, often illegally on public land. 
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Table 5.5 Dominant crops under UPA 2015 (n= 158) 
 
percent of the crops grown 
 Variables Urban (%) Peri-urban (%) Average (%) 
Vegetables 75.5 91.7 81.6 
Legumes 54.1 85.0 65.8 
Plantain (Matooke) 37.8 78.3 53.2 
Maize 22.4 48.3 32.2 
Fruits 32.7 41.7 36.1 
Cassava 4.1 28.3 13.3 
Sweet potatoes 6.1 28.3 14.6 
Sugarcanes 10.2 15.0 12.0 
Yams 8.2 21.7 11.4 
Coffee 1.0 10.0 4.4 
Herbs 5.1 8.3 6.3 
 
Generally, urban agricultural production has always been focused on high-return vegetable 
crops and production of milk, rather than stable food crops and meat (Maxwell and Zziwa, 
1993). Fruits, yams, and leafy vegetables by 2004 were ranked among the most important 
income generating agricultural products in urban and peri-urban Kampala (Nyapendi et al., 
2004).  Although UPA is widely recognized to be practiced largely by the poorest of the poor 
(Mukwaya et al., 2011) the immediate reason for involvement seems to be household food 
supply. This can be demonstrated by the low proportion of UPA growing coffee which is 
the main cash crop and largest source of foreign income in Uganda, especially in central 
Uganda where Kampala is located. This could be due to the fact that UPA farmers are more 
concerned about getting food and also because of the lack secure land tenure. In the 1990s 
informal access and borrowing constituted half of all the land under farming in Kampala 
(Maxwell, 1995). 
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Evidence from the developed world shows that if farmers have secure land tenure and urban 
development is well planned, UPA production can continue to play an important role as a key 
contributor to aggregate food basket.  For instance, in the United States, it was estimated that 
about 40 % of its agricultural products come from its statistical metropolitan areas (Smit, 1996). 
In Australia agriculture occurring in peri-urban regions constitutes over 25 % of the total 
agricultural production (Knowd et al., 2005) and in some cases, it is even higher. For example, 
Sydney region supplies 80-100% of all perishable vegetable requirements for New South Wales 
(Knowd et al., 2005). However, in SSA countries, land tenure is generally insecure due to the 
absence of robust urban planning units in many cities which has led to what is referred to as the 
organic urbanisation in poverty. In this set-up, households try alternative coping survival 
strategies including finding nonfarm employment, for example, urban market food vending. 
5.3.2 Agricultural land and farm size under UPA 
Generally, UPA farming is on small farm plots compared the larger farm fields in rural regions. 
In spite of this, the increasing urban expansion and intensification have led to the decreasing 
average size of UPA farm sizes in recent years. This is illustrated in Fig. 5.2 which shows that the 
average size of UPA land has decreased from 1.9 acres in 2002 to about 0.5 acres in 2015. This 
is in line with the projection that  Generally it is recognized that there is a downward link 
between population density and size of household landholding (Muyanga and Jayne, 2014, 
Niroula and Thapa, 2005). This is also partly attributable to the increasing practice of land 
fragmentation leading to many UPA farmers owning more than one separate parcels of land. 
Some UPA studies in Uganda have used land parcels as the units of measure of land rather than 
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the number of households because several farming households have more than one parcel 
(Maxwell, 1995). 
 
Figure 5.2 Average urban farm size (in acres) in Kampala in 2002, 2006, and 2015 (2002 and 
2006 data was obtained from UNHS by UBOS). 
 
The reduction of UPA farm size over time could be attributable to the general reduction of 
agricultural land in the GKMA which has increased pressure on the remaining UPA. Fig. 5.2 
shows that average household agricultural landholding in Kampala has decreased 3.5 times. 
This is corroborated by our study on land use/cover change of GKMA that indicates a drastic 
reduction in agricultural land in the region. Agricultural land decreased by 2.5 times in the same 
period (Fig. 5.3). This decline can be linked to the rapid rate of urban intensification and 
expansion. Urban intensification due to it is occurrence in areas with high housing density, the 
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farmlands are ready small and they are disappearing completely. However, temporal farming 
activities in these areas is now being localized in public open spaces like along the road or 
railway side. On the other hand, urban expansion is the mainly occurring in peri-urban areas 
which have less density housing and chiefly leading to reduction of the farm size. 
If this rate of decreases continues in the next two decades, UPA in the GKMA will be completely 
inexistent (as already observed in parishes in Kampala Central division).  
The 2015 total agricultural land area in GKMA is 97 km2, about 17% of the total land area. This 
is compared to about 297km2 (48%) in 1989 and 241km2 (41%) in 2001. This in contrast to 52% 
of the land in Kampala reported being under agriculture in 2004 (Nyapendi et al., 2004). About 
80% of the basic stable crop of tubers sold in Kampala city between 1990 and 2000 were 
sourced from UPA (Egziabher, 1994, Maxwell, 1999, Maxwell et al., 1998). And the proportion 
of the population farming was high. During this period nearly 50% of Kampala’s population was 
involved in UPA (Lee-Smith, 2013, Maxwell et al., 1998, Egziabher, 1994). However, due to 
increasing urban growth, this proportion has declined. The less urbanized areas like peri-urban 
areas have higher proportions of farmers and the proportion varies inversely with the size of 
the town or city with small towns having more proportion of the population farming (Lee-
Smith, 2013).  
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Figure 5.3 Declining agricultural land in the GKMA obtained from multi-temporal analysis of 
land use land cover change between 1989 and 2015. 
 
The future projections show that urban growth will fragment the large open spaces thereby 
reducing the space for subsistence farming by 80% and available land will experience 62% 
reduction by 2030 (Vermeiren et al., 2013). 
Statistical comparison of urban and peri-urban areas shows that average household 
agricultural land size in peri-urban areas is significantly different from the average 
household farm size in urban (P-vale < 0.05). This is revealed in Table 5.6 which shows that 
the average household land size for urban areas is approximately 0.2 acres while that in 
the peri-urban area is about 1 acre. However, it can be observed that in both cases the 
standard deviation is greater than the mean, this is probably a result of large variation and 
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range in the land holdings. It reveals that some households have far large size compared to 
the mean and some other households have very small sizes compared to the mean.  
Table 5.6 Household average agricultural land size 
 
Household landholding (acres) 
 
Urban Peri-urban 
Average 0.118 0.973 
Standard deviation* 0.287 2.901 
*The standard deviation is larger than the mean because the landholding range is large  
5.3.3 Marketing of UPA produce in Kampala 
UPA is viewed as a source of income and for the farming households. Income from UPA is 
obtained in three ways: growing crops and selling, market vending of foodstuff and trading in 
food (buying from farmers and selling to market vendors in wholesale). Table 5.3 shows that 
about 40% of the UPA farmers sell part of their produce. Although 60% are engaged in UPA 
mainly for household food supply, household income saved when homegrown food is 
consumed is unfortunately difficult to quantify.  
5.3.3.1 Urban market food vendors’ characteristics (Demographics) 
The urban poor households are generally involved in informal employment and food market 
vending, transportation and marketing. About half of the market food vendors are <30 years 
old (Table 5.7). A large proportion of the urban market food vendors (>70%) do not grow crops 
but rather buy either directly from farmers or middlemen (wholesalers). Gender involvement in 
UPA was also revealed. About 80% of female food vendors are not involved in UPA compared to 
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much less 57% of the male urban market vendors food not involved in UPA (Table 5.7). The 
possible reason for a very large proportion of female market food vendors not farming is 
possibly due to the fact that a large proportion of them not having access to land as land tenure 
system and land rights favour men. Female-headed households have been reported to face 
more constraints in terms of land access compared to male-headed households in SSA 
countries (Platteau, 1996, Tripp, 2004, Chu, 2011).  
About 36 % of the food market food vendors earn over UGX 300,000 (Table 5.7) compared to 
only 19% of UPA farmers earning the same amount (Table 5.3). About 13 % of the market food 
vendors could not estimate their income compared 42% of the UPA farmers. Thus the high 
unemployment in cities means many urban dwellers are food insecure. Therefore addressing 
UPA through appropriate policies and institutions is an important priority (Lee-Smith, 2013). 
Income obtained from the sale of produce is used mainly for paying school fees and other 
household food requirements. About 43.5 % of UPA farmers spend their income mainly on 
school fees for their children while 34.2 % of the market food vendors use their income buy 
food (Table 5.7).  
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Table 5.7 Urban market food vendors’ characteristics 
Variables 
 
Urban food vendors (%) 
 
  
Female Male Average 
Age Below  30 36.1 63.2 49.1 
 
31-45 47.0 23.7 35.8 
 
45-55 13.3 10.5 11.9 
 
Above 55 3.6 2.6 3.1 
Education None 20.3 6.4 13.4 
 
Primary 34.2 29.5 31.8 
 
Secondary 39.2 56.4 47.8 
 
College 3.8 3.8 3.8 
 
University 2.5 3.8 3.2 
Residence Urban  95.3 96.5 95.9 
 
Peri-urban 4.7 3.5 4.1 
Farming Part time Farming  19.1 42.5 30.4 
 
Not farming 80.9 57.5 69.6 
Previous employment Student 1.1 4.7 2.8 
 
Civil service 3.2 3.5 3.4 
 
Food vendor 61.3 61.6 61.5 
 
Farming  19.4 12.8 16.2 
 
Other casual 15.1 17.4 16.2 
Income* < 100000 31.6 39.7 35.7 
 
100000 - 300000 26.6 29.5 28.0 
 
Over 300000 41.8 30.8 36.3 
Major use of income Food 35.3 32.9 34.2 
 
Rent 10.6 17.1 13.7 
 
household expenses 7.1 10.5 8.7 
 
School fees 47.1 39.5 43.5 
*income in UGX currency 
Urban food markets employ a significant proportion of the urban poor dwellers who are 
involved in production, transportation and sales. This explains why even though the 
contribution of agriculture to Uganda’s GDP   is reportedly declining over the years, informal 
employment in agriculture has been reported to be increasing (Mukwaya et al., 2011). Food 
vending enterprises engage a significant proportion of the population in informal agricultural 
Chapter 5                  Socio-economic perspectives of urban and peri-urban agriculture 
175 
 
sector especially as access to land is becoming increasingly difficult in the urbanising 
environment. 
5.3.3.2 Main sources of food sold in Kampala 
As previously stated the market food vendors in GMKA markets obtain their foodstuff from 
various sources including rural, peri-urban and urban areas complemented by imported 
foodstuff especially rice and spices. While UPA largely contributes significantly to the fresh food 
supply, rural agriculture provides the largest proportion of several foods including matooke, 
maize, cassava, potatoes, sweet potatoes and beans (Table 5.8). Thus, UPA dominates the 
supply of leafy vegetables and fruits with approximately 64.4% of the leafy vegetables and 
58.9% of the fruits sold in these markets being sourced from UPA.   
Table 5.8 Main sources of selected foods sold in Kampala food market 2015 
 
UPA (%) Rural (%) Other (%) Vendors (%) 
Variables Urban Peri-urban  
   Vegetables 28.8 35.6 35.6 0 40.0 
Beans 9.8 27.5 62.7 0 28.2 
Matooke 1.3 5.3 93.4 0 42.0 
Cassava 6.3 27.1 66.7 0 26.5 
sweet potatoes 4.7 20.9 72.1 2.3 23.8 
Fruits 27.9 30.9 38.2 2.9 37.6 
Maize 5.7 22.9 71.4 0 19.3 
Potatoes 3.1 21.9 75 0 35.4 
 
5.3.3.3 Challenges faced by urban market food vendors in Kampala 
Urban market food vendors in leading GKMA public markets face many challenges. Table 5.9 
shows the most pressing challenges as quantified by survey ranking according to the magnitude 
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of the impact it creates. Weather, capital, and producer price fluctuations were ranked by more 
than 45% of the urban market vendors as their biggest challenge. 
Table 5.9 Market food vendors’ ranking (ranking range of 0 – 9) of the most pressing challenges 
(n = 181) 
 
Rank 
 
 
 
First Second Third Fourth Fifth Sixth Total 
Demand 12.2 18.8 19.9 7.7 4.4 1.1 64.1 
Supply 4.4 9.9 7.7 12.7 6.6 5.0 46.4 
Weather 21.5 18.2 12.7 9.4 2.8 10.5 75.1 
Producer price fluctuations 18.2 18.2 22.7 8.8 6.1 1.1 75.1 
Capital 20.4 7.7 3.9 3.9 3.3 9.9 49.2 
Market Space 2.8 5.5 5.5 7.7 11.6 1.7 34.8 
Food quality 2.8 3.3 1.1 0.0 0.6 0.0 7.7 
Competition 5.5 2.2 1.7 1.1 0.6 0.0 11.0 
Total  88.4 84.0 75.1 51.4 35.9 53 
  
Table 5.9 also shows that 64.1% of the market food vendors recognize that a decline in demand 
for the foods sold in public markets is a major challenge. This could be a result of the 
emergence of the large supermarkets which are offering similar products at completive prices. 
Urban residents in Kampala are increasingly changing from buying fresh food from public 
markets in preference for large supermarkets. There has been a great deal of transformation of 
the African food retail sector over the past two decades, where supermarkets are displacing 
more traditional public food markets (Weatherspoon and Reardon, 2003). Although local public 
food markets still dominate the marketing of fresh foods in Kampala, supermarkets have been 
widely reported to be causing drastic changes in agrifood systems in African (Weatherspoon 
and Reardon, 2003, Neven et al., 2006, Reardon et al., 2004). 
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About 11% of the market food vendors find competition the main challenge (Table 9). This 
could be attributed to the increased number of new food vending entrants who constitute 
approximately 40% of the current food vendors in the markets visited (Table 5.7). Among the 
new food vending entrants 12.1% were students, 9.1 % were employed in civil service, 45.5% 
were previously in other casual jobs, and 33.3% were previously involved in farming mainly UPA 
(Table 5.7). The relatively high proportion of new market food vendors who were involved in 
farming previously could be as a result of the conversion of agricultural land to built-up which 
has led to reduction of total land under UPA (Fig. 5.3) and the decreasing farm size (Fig.5.2) 
making UPA farmers needing a new source of livelihood. 
Market food vendors also find weather and producer price fluctuations as two major 
challenges. Producer food prices fluctuations could be attributed to the fact that rural 
agricultural production dominates the source the foodstuff (Table 5.8). Rural agriculture in SSA 
is largely rain-fed and thus seasonal in nature, thus leading to fluctuations in the supply and 
prices. This is exacerbated by the reduction in UPA whose production is possible all year-round 
because of the availability of wastewater and wastes for fertilization. UPA has been key in 
waste management in Kampala city where 70 - 80% of the total wastes generated in urban 
areas are biodegradable and important to soil nutrient recycling (Lee-Smith, 2010). Kampala 
generates an estimated 1,500 tonnes of wastes daily (Ssebunya and Nsubuga, 2012). However, 
due to urban growth, there were already concerns arising from the accumulation of organic 
wastes in Kampala as UPA declines (Ekere et al., 2009). The tendency for the households to sort 
wastes has declined because of the decreased demand for wastes for soil fertilization. This has 
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increased poorly sorted wastes in Kampala streets and public market places  leading to serious 
health and environmental concerns (Ssendawula et al., 1997).  
5.3.4 The food price trends versus agricultural land loss in Kampala  
The increase in the producer food prices has translated to a simultaneous increase in consumer 
prices (Table 5.9, Fig. 5.4).  The food prices have been increasing annually over the past two 
decades. More seriously the prices of most foodstuff have increased threefold since 2005. In 
particular, the leafy vegetables have experienced a threefold increase in prices between 2005 
and 2015. Statistically, we found significant differences in prices between pairs of years 
counted between and including 2005 and 2015 (P-value < 0.005). Crops that are predominately 
sourced from rural areas like matooke, sweet potatoes and cassava had a lower price increase 
compared to fruits and vegetables which are mainly sourced from urban and peri-urban areas 
(Appendix 5.2 – 5.4). Our results are in agreement with what was reported that between 2000 
and 2006 prices of  the traditional staple foods like plantain and cassava (which are largely 
sourced from rural parts of the country) remained relatively unchanged, while the price of 
maize and beans were reported have increase within the same period (Haggblade and Dewina, 
2010). Benson et al. (2008) also reported similar findings in 2008 when the prices of staple 
foods had an increase of 20%, other foods by 35% , while maize increased by 75% and within 
the same time.  
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Figure 5.4 Percent annual price change of major vegetable in Kampala between 2005 and 2015 
(Analysis by Author, Data source: Uganda Bureau of Statistics) 
 
5.4 Implications of the finding for urban planning and policy 
Our results indicate that households engage is UPA for food supply and income. A significant 
proportion of the population involved in urban farming is below 30 years of age. This implies 
that UPA is very vital for the young people who are largely unemployed or underemployed. 
Planning the city growth should ensure keen interest to support self-produced food in open 
space in urban areas. Diet, education and upward mobility of peri-urban children should be 
monitored on regular basis to determine the trend over time 
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5.5 Conclusion 
The primary findings in this study confirm the link between urban growth, reduction of 
agricultural land, and increase in food prices. Of particular note is the reasons for urban 
residents’ involvement in UPA. UPA is practiced largely to produce household food, but a 
significant proportion of UPA farmers sell part of their produce to augment their income. Urban 
household size exhibits a strong association with urban farming (households with more than 
five people more likely to farm compared to households with less than five people). 
Although UPA is still widely practiced in Kampala and continues to supply the largest proportion 
of leafy vegetables and fruits GKMA public food markets, it is being threatened by the rapid 
urban growth. Urban growth has not only led to the decrease in agricultural land in GKMA but it 
has also led to a reduction of the average household landholding.  
Food vending is offering another opportunity to the urban poor who lost land to urban growth 
to indirectly benefit from UPA production by sourcing their food from UPA. However, the 
increasing emergence of large supermarkets is out-competing the local public markets and thus 
threat to group employment. 
Finally, this study found that a larger proportion of UPA farmers practise farming on public 
lands. This implies the future of urban farming as an important source of food for the urban 
poor households will largely depend on the government policies especially pertaining to access 
to lands and this can expeditiously adjust to urban intensification and expansion.  
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Chapter 6. 
General Discussion and Conclusions 
6.1 Introduction 
The main focus of this thesis is on elucidating the impact of urban expansion and intensification 
on urban agriculture and associated food security concern. Broadly speaking urbanisation is 
responsible for the LULC transformation especially the conversion of agricultural land into built-
up in the urban landscapes. Upsetting the allocation of land between agricultural and urban 
land uses is one of the key failures that distorts the benefits accruing from urban development 
especially in developing countries (Brueckner, 2000).  
The anthropogenic transformation of agricultural land into urban environment involves the 
manipulation of the soil that causes loss of important soil properties (Pickett and Cadenasso, 
2009; Scalenghe and Marsan, 2009). This presents a great challenge for soil conservation and 
could be a serious threat to soil security (Amundson et al., 2003). The impacts of these LULC 
transformations on soil diversity, especially in the rapidly expanding SSA cities are not fully 
understood. Assessment of the quality and diversity of the soil loss requires detailed spatial soil 
information. However, the detailed soil information is largely missing in SSA countries. Thus soil 
studies that largely rely on old soil survey maps have not addressed this gap (Malone et al., 
2016). For instance, in Uganda, the most comprehensive soil maps were produced during the 
colonial period more than 50 years ago contain little details (Table 6.1). 
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Table 6.1 Most comprehensive soil maps of the major provinces/regions of Uganda 
Region Soil map title Scale Year Reference 
Eastern Soils of Eastern Province of Uganda 500,000 1959 (Ollier and Harrop, 1959) 
Western The Soils of the Western Province of Uganda 500,000 1960 (Harrap, 1960) 
Northern Soils of Northern Province of Uganda 500,000 1959 (Ollier, 1959) 
Buganda Kingdom of Buganda (Central Uganda) Soils 500,000 1957 (Radwanski, 1960) 
Karamoja Soils of Southern Karamoja District, Uganda 250,000 1959 (Wilson and Luzinda, 1962) 
Karamoja Soils of Northern Karamoja District, Uganda 250,000 1959 (Wilson and Luzinda, 1962) 
 
Thus this thesis reports the first of such a study in SSA by first exploring land use-cover 
transformation using two cities in Uganda as cases studies. Following this is to understand how 
much of good quality soils have been lost to urbanization? This posed a particular challenge 
because, in order to answer the preceding question, the pre-urban soil patterns need to be 
reconstructed, the answer of which was provided in Chapter 4. Overall the thesis demonstrates 
how remote sensing data, legacy soil information and point observation at unchanged sites 
could be used to assess the rate of urban growth, loss of agricultural land, and high-resolution 
pre-urban soil maps.  
While the general background and structure of this thesis were presented in Chapter 1, Chapter 
2, provides the background for research work carried out here, highlighting urbanization trends 
in SSA, the main drivers, and the resultant challenges particularly on the loss of agricultural land 
and implications for food security. The review generally demonstrated that urban growth is 
encroaching on prime agricultural land and identified several research gaps that need to be 
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filled. Thus Chapters 3-5 present the results of research studies which attempted to fill in some 
of the gaps identified in Chapter 2. 
6.1.2 Diminishing agricultural land and signal of change 
In Chapter 3, the LULC classification results show that urban area in Kampala and Mbarara have 
greatly expanded and internally intensified (Kampala between 1989 and 2015 and in Mbarara 
between 2002 and 2016).  The spatial pattern observed in the urban growth mapping which 
involves both expansion and intensification follows existing built-up areas and along the main 
roads. This means that agricultural land close to these two locations has a higher probability to 
convert to urban uses compared to the land located far away in relatively inaccessible areas. 
The rate of agricultural land conversion rises with the increased road network presence in an 
area. Thus, a well-designed urban planning which focuses on preserving productive farmlands is 
required to promote UPA.  
The LULC reveal a significant reduction in agricultural land in Kampala and Mbarara and that 
agricultural land in both cities decreased more than other land LULC categories in both cities 
due the systematic conversion of agricultural land to built-up areas. The higher tendency for 
urban developers to target agricultural land could be attributed to the fact that agricultural land 
usually has good physical properties and well-drained which also offers a good site for building 
construction. These well-drained soils are generally preferred to poorly drained soils because of 
high costs of modifying and the latter for engineering purposes (Cedergren, 1997). Similar 
results of agricultural land decline have been reported in other SSA cities, for example in  
Kumasi, Ghana (Simon et al., 2004), in Lagos, Nigeria (Braimoh and Onishi, 2007), and in 
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Nairobi, Kenya. The diminishing agricultural land over time implies that losses were higher than 
gains (Brueckner, 2000). 
However, it is important to note that agricultural land is still in existence even in rapidly 
growing cities like Kampala. The current presence of agricultural land is a result of a process of 
swapping where other LULC classes like savannah and wetlands are converted to agricultural 
land. In addition, agricultural land has also persisted in some parts of the cities. Several factors 
influence the persistence of agricultural land in urban and peri-urban landscapes. The most 
important note it at urban residents engage in UPA because of its proven contribution to urban 
food security and household livelihood. The main drivers influencing the persistence of UPA is 
the dominance of informal employment which is largely insecure. There is an increased level of 
unemployment where more than 30% of the youth are unemployed.  
Secondly, the recent rise in food prices promotes UPA but with two different reasons. Some 
people are motivated by the high food prices to continue with UPA in order to harness from the 
ready market, while others are compelled to supplement household food requirements and cut 
household expenditure on food. In Ghana and Cameroon, the reasons for getting involved in 
UPA and its social and economic impact was found to vary across different categories of 
households (Moustier and Danso, 2006). The general increase in the cost of living has forced 
residents to rely on UPA as an alternative source of household food supply. However, previous 
studies in Kampala also showed that large households tend to engage in UPA because of the 
high household food requirements (Maxwell, 1995). Most importantly, the incorporation of 
urban farming in the city master plan by then Kampala City  Council partially contributed to the 
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survival of UPA in Kampala (Maxwell et al., 1998). Nevertheless, the implementation of the 
strict urban policies that protect urban agricultural lands and indiscriminate conversion to other 
land uses is a big challenge for many SSA countries. Urban poor farmers are more vulnerable to 
lose their farmlands because of the unplanned development which characterizes SSA cities. 
 
6.1.3 The productive of the lost agricultural land and soil diversity 
The quality of agricultural land lost was examined in Chapter 4 to determine if there is a 
commensurate loss of good soils to urban development. As the available soil maps in SSA 
countries are rather old and contain coarse information not adequate to investigate the loss of 
soils in urban centres, a high-intensity soil characterization and mapping in a selected 
benchmark anthroposequences were used as reference soil data source to separate altered 
soils from relatively unchanged soils under urban environment (Effland and Pouyat, 1997). 
Several DSM- RF, MLR, and BT techniques- were tested that can best reconstruct the pre-urban 
soil patterns. Consequently, the output map from the RF model was selected for further 
assessment of the soil quality throughout GKMA and specifically at locations where 
transformations had occurred (built-up points). This was used together with the built-up LULC 
category reported in Fig. 3.3 (Chapter 3) to focus on the built-up area because of its excessive 
manipulation of soils at these points.  
The loss of agricultural land leads to a reduction of soil diversity in areas which experience 
urban intensification. Soils known for their superior physical properties like good drainage and 
gentle slope tend to be targeted most. In addition, the quality of the soils that had been altered 
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by the urban housing development and their spatial distribution are illustrated in Fig. 6.1.  It can 
be seen that the built-up area in 1989 was almost entirely on high productivity soil class 
whereas in 2015 both high and medium-to-high soil fertility classes were most dominant (Fig. 
6.1). This result is in agreements with the findings from Kenya where agricultural was found to 
be most productive in Nairobi the Capital city, followed by the other towns and least productive 
in rural areas under peasant farmers (Memon and Lee-Smith, 1993). The results also highlight 
the current concerns about loss of prime agricultural land in SSA cities and need for policies 
that would regulate urban development. Loss of prime will continue for the foreseeable future 
as most urban centres in SSA were located in areas which had productive soils that had 
attracted farming communities. The rapid urban growth widely recognized as fastest in SSA 
means more agricultural and will be converted into urban uses. 
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Figure 6.1 the quality of soils for agricultural production in GKMA which have undergone 
anthropogenic alteration due to urban growth between 1989 and 2015 
 
6.1.4 socio-economic impacts of loss of agricultural land on the urban poor 
Having assessed the biophysical aspects of the lost agricultural land to urban development 
(Chapter 3 and 4), there is the need to assess the socio-economic implications of loss good 
agricultural lands, the declining urban agriculture and their implications to food security, 
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especially of the low-income urban residents. The challenge was that the information on the 
socio-economic aspects of urban population displacement, loss of farmlands and the coping 
strategies of the urban poor is generally scanty. In Chapter 5, socio-economic surveys (of UPA 
farmers and urban market food vendors) were carried out and the results of the data 
presented. The average household farm size decreased from about 1 acre in 2002 to 0.54 acres 
in 2015 indicating the overall reduction in agricultural land as reported in Chapter 3. This is 
because urbanisation implies less land is available per urban farming family. This is in 
agreement with other studies which reported that the reduction in average farm size in SSA 
cities will continue unless the governments increase the non-farm opportunities to absorb new 
workers  (Masters et al., 2013). However, the possibility of creating non-farm employment 
opportunities is challenged by rapid population growth leading to urbanisation without 
substantial economic development witnessed by the increasing rate of unemployment, 
especially in urban centres. 
The relationship trend in agricultural land loss and reduction in the average farm size was 
determined. Household farm sizes have decreased greatly in 2002, 2006 and 2015 (Chapter 5). 
This could be the leading cause of the increased proportion of urban poor seeking non-farm 
employment like market food vending. The results indicated that about 33% of the new market 
food vendors were previously full-time UPA farmers. 
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6.2 Conclusions  
6.2.1 Key research findings  
The following conclusions can be drawn from this study: 
 Urban centres in SSA as a whole and Uganda, in particular, are experiencing fairly rapid 
expansion leading to urban and peri-urban landscape transformations. 
 In Kampala, agricultural land declined from 48% in 1989 to about 16% of the landscape 
in 2015) and in Mbarara from about 38% in 2002 to about 32% of the landscape in 2016. 
 There was a systematic transition between agricultural land and built-urban category. 
 Lithology, slope gradient used for soil type prediction were the most important factors 
influencing the pre-urban spatial distribution of the soil type in GKMA. 
  Random forest as a model for predicting pre-urban soil patterns was most accurate by 
producing more statistically and pedologically plausible soil type maps than MLR and BT 
models. 
 About half of the pre-urban soils in GKMA were in the Nitisols group have been 
converted to built-up; however, Gleysols were less affected because of the drainage 
difficulties. 
 About 73% of the soils loss in GKMA belong to medium and high productivity classes. 
 Average household farm size has decreased from about 1 acre to about 0.54 acres 
between 2002 and 2015. 
 A large proportion of urban poor residents who lost agricultural land are involved in 
urban market food vending as an alternative source of livelihood. 
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  Food prices of staples, vegetables and fruits in Kampala have increased more than three 
times. 
6.2.2 Implication of for urban planning and policy  
Rapid transformation of the landscape in urban and peri-urban areas means urgent measures 
are required to regulate the growth of cities. The loss of good quality soils calls for the need to 
design appropriate land use planning system tailored for SSA cities to facilitate a balanced 
growth of cities by preventing loss of valuable soils. Sustainable urban growth requires the 
protection of certain parts of multi-functional landscape while ensuring urban poor needs 
especially food security are met. Regulation to control the current rapid expansion of the cities 
should consider promotion of high-rise buildings. Agriculturally productive lands need to be 
preserved.  
The wetlands which are natural filters of wastewater before discharging into water bodies are 
being converted to agricultural land and urban uses. This has detrimental impacts on the water 
quality and biodiversity, therefore, implementation of stringent wetland protecting policies is 
vital. In addition, the reduction of UPA lowers need for recycling of organic wastes leads to 
increased accumulation of organic wastes and subsequent pollution due to poor waste 
management in most cities in Africa. Thus, this calls for the implementation of functional waste 
management strategies which encourages waste sorting and timely collection.  
Chapter 6       General discussion, conclusions and future work 
 
196 
 
6.3 Future work 
This study has illustrates the problems associated with the rapid urbanization in SSA cities and 
urban centres, using GKMA (and Mbarara) as cases studies. The study has only touched the tip 
of the iceberg. Nevertheless, there are important study gaps which this work has highlighted. 
 In this study, the land agricultural productivity in GKMA was compared to the national 
average. However, it is not very clear if the lower national average is as a result of rural 
areas or other urban centres having low productivity. Therefore a nation-wide study 
comparing agricultural land productivity in urban with that of the rural areas in each 
district would be an important contribution. 
 There is the need to produce more accurate pre-urban soil maps to enable more valid 
conclusions on the extent and quality of the soils being lost to urban development in the 
continent. 
 In this random soil sampling design which led to several generated points following at 
disturbed location. In this regard, extensive reconnaissance covering the whole study 
area to identify the unchanged sites should be considered. 
 Agricultural land gains from other LULC categories through the process of swapping. 
However, the productivity of the new peri-urban lands should be assessed in 
comparison with the swapped. Additional studies to evaluate the commensurate food 
production changes in response to agricultural land loss should be considered. 
 Developing easily applicable land evaluation and land planning systems for urban 
decision-makers deserves appropriate attention in order to prevent amongst others 
unnecessary loss of fertile agricultural land. For example, the increased loss of good 
Chapter 6       General discussion, conclusions and future work 
 
197 
 
quality soils calls for the need to design appropriate land use planning system tailored 
for SSA cities to facilitate a balanced growth of cities by preventing loss of valuable soils 
 Temporal changes within an urban environment should preferably be linked and 
compared to related changes in the surrounding rural environment to properly derive 
conclusions about cause and effects and net results of these changes at a higher spatial 
resolution. 
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Appendix 3.1. Urban encroachment on peri-urban agricultural land in Kampala 
 
Figure 3.6 New settlements in on previous peri-urban agricultural land in Gayaza 
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Appendix 4.1.  Pre-urban soil mapping of Kampala soils  
 
 
Figure 4.1. Soil profiles, soil sample air-drying, and soil textural class analysis 
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Appendix 5.1. Urban agriculture in GMKA  
 
 
Figure 5.1. Urban and peri-urban agriculture in Kampala 
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Appendix 5.2. Urban and peri-urban agriculture Survey 2015 
Please take a few minutes to complete the following form. Where there are multiple answers to 
choose from, check as many of the boxes as apply to your situation. 
 
FARMER/Vendor DATA  Form number:……………………………………………………... 
Locality:……………...………………………….. Market:…………………………………….. 
Farmer/Vendor name:…..………………………………………Date:…………………………. 
Interviewer: ………..…………………………………………………………………………… 
 
PART 1 
1. Biodata 
Sex        (a) Male    (b) Female                                                                                                             
Age (years)     (a) 15 – 21   (b) 22 – 30   (c) 31 – 45 (d) 45 – 55 (e) more than 55 
Marital status a) Single b) Married c) Widowed d) Divorced/Separated 
2. Education level      a) None     b) Primary    c) Secondary    d) College/ tertiary     e) University 
3. Family size………………………………………………………………………………….. 
3b) Occupation of head of family…………………………………………………………..  
4. Where do you live?  a) Urban      b) peri-urban       c) rural area 
(If you answered “rural” please go to Question 19) 
 
5. (Yes I live in an urban area) Do you produce any of your food? (Anything from one tomato in 
a container, to livestock on a small farm)   a) Yes    b) No 
(If you answered “no” please go to Question 18 and PART II) 
 
6. (For farmers only) What food do you produce?  
Vegetables fruit herbs honey meat fish dairy grains legumes 
Matooke 
Other……………………………………………………………………………………………. 
7. (For farmers only) Where do you grow your food?  
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in a home garden in a community garden on a on Church land in a school 
garden in a hospital garden on farm land 
Other…………………………………………………………………………………………….8. 
(For farmers only) How large is your city farm? (Food producing area) 
Small (0 to 0.1 acres) medium (0.1 to 0.2 acres)                            large (0.2 to 0.5 
acres) very large (more than 0.5 acres) 
9. (For farmers only) why do you grow food in the city? 
Because I enjoy the activity                                Because it saves me money 
Because it is safer to eat than store bought food Because it relieves stress 
Because it is good for the environment Because I enjoy the flavour of home-grown food. 
Other…………………………………………….. 
10. (For farmers only) Do you sell any of the food you produce? 
Yes No 
If yes, then where do you sell it? ……………………………………………………………… 
11. How long have you produced food in the city? 
0 - 5 years      5 - 10 years       10 - 20 years        longer 
12. (For farmers only) What stops you from growing more food than you do?  
I have no time.  There is no space. City by-laws prevent it.  
I need more information. The climate is poor.  The land is polluted.  
other……………………………………………………… 
15. (For farmers only) What Division do you live in?........................................................ 
16a. Is it very difficult to hire labour? ________ No________ Yes. If yes which month is it most 
difficult? ________  
16b. What is the daily rate for hired labour? …………………………………………………… 
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Operation 
Enough 
labour 
Not enough Men Women 
Wage Food/other Wage Food/other 
- Weeding       
- Planting       
- Harvesting       
- Other [specify]       
 
17.  (For farmers only) Please tell us more about your experience producing food in the 
city……………………………………………………………………………………………… 
18. (For urban dwellers only, who do NOT produce food in the city) 
Why do you not produce food in the city?  
Because I am not interested. Because I lack space. 
Because I don't know how to produce food. Because my landlord won't allow it. 
Because it is too expensive. Because I have no time. 
Other [specify]……………………………………………………………………………… 
19. For those who do NOT live in an urban area, please tell us  
19 (a). In your area, what crop is the most important for:  
a.food……………………………………………………………….  
b.cash………………………………………………………………………. 
19 (b). What other crops are important in your area (rank in order of importance)?  
Matooke ( )    Maize ( ) Beans ( )    Cassava ( )   Rice ( )    Vegetables and fruits ( ) 
specify……………………………………………………………………………………..   Other 
(specify)………………………………………….. 
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PART II 
 
1. Do you sell part of your harvest?  a) yes           b) no 
(If you answered “yes”)   what is your average income from 
crops?……………………………………………........................... 
2. How many persons in your household depend on your income from selling foods?… 
3. What are the major expenses you spend your proceedings from market sales on?(rank in 
order of importance)     a) food        b) School fees       c) Medical bills        d) house rent          
e) other [specify]………………….. 
4. Challenges you face while market growing crops? (rank in order of 
importance)…………………………………………………………………………………
……………………………………………………………………………………… 
5. How do you address the challenges 
above?.....................................................................................................................................
...................................................................................................................................... 
 
 
End 
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Appendix 4. Kampala urban food market vendor’s survey 
Please take a few minutes to complete the following form. Where there are multiple answers to 
choose from, check as many of the boxes as apply to your situation. 
 
FARMER/Vendor DATA  Form number: …………………………………………………... 
Locality:……………...………………………….. Market:…………………………………….. 
Farmer/Vendor name:…..………………………………………Date:…………………………. 
Interviewer: ……..…………………………………………………………………………… 
 
PART 1 
1. Biodata 
Sex        (a) Male    (b) Female                                                                                                             
Age (years)     (a) 15 – 21   (b) 22 – 30   (c) 31 – 45 (d) 45 – 55 (e) more than 55 
Marital status a) Single b) Married c) Widowed d) Divorced/Separated 
2. Education level      a) None     b) Primary    c) Secondary    d) College/ tertiary     e) University 
3. Family size………………………………………………………………………………….. 
3b) Occupation of head of family…………………………………………………………..  
4. Do you live in an urban area?  a) Yes       b) No 
(If you answered “no” please go to Question 19) 
5.(Yes I live in an urban area) Do you produce any of your food? (Anything from one tomato in 
a container, to livestock on a small farm)   a) Yes    b) No 
(If you answered “no” please go to PART II) 
6. (For farmers only) What food do you produce?  
Vegetables fruit herbs honey meat fish dairy grains legumes 
Matooke 
Other……………………………………………………………………………………………. 
 7. (For farmers only) Where do you grow your food?  
In a home garden        in a community garden   on Church land   in a school 
garden in a hospital garden   on family farm land 
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Other………………………………………………………………………………………. 
 
8. (For farmers only) How large is your city farm? (Food producing area) 
0 to 0.002 acres) 0.002 to 0.02 acres)          0.02 to 0.2 acres) 0.2 acres to 0.5     
other [specify]………………. 
 
9. (For farmers only) Why do you grow food in the city? 
Because I enjoy the activity. Because it saves me money.  
Because it is safer to eat than store bought food. Because it relieves stress. 
Because it is good for the environment. Because I enjoy the flavour of home-grown 
food. 
Other…………………………………………….. 
10. (For farmers only) Do you sell any of the food you produce? 
yes no 
If yes, then where do you sell it? ……………………………………………………………… 
11. How long have you produced food in the city? 
0 - 5 years      5 - 10 years       10 - 20 years        longer 
12. (For farmers only) What stops you from growing more food than you do?  
I have no time.  There is no space. City by-laws prevent it.  
I need more information. The climate is poor.  The land is polluted.  
other……………………………………………………… 
15. (For farmers only)What Division do you live in?........................................................ 
16a. Is it very difficult to hire labour? ________ No________ Yes. If yes when is it most 
difficult? ________  
16b. What is the daily rate for hired labour? …………………………………………………… 
 Enough Not enough Men Women 
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Operation labour Wage Food/other Wage Food/other 
- Weeding       
- Planting       
- Harvesting       
- Transporting       
- Marketing       
- Other [specify]       
 
17.  (For farmers only) Please tell us more about your experience producing food in the 
city……………………………………………………………………………………………… 
18. (For urban dwellers only, who do NOT produce food in the city) 
Why do you not produce food in the city?  
Because I am not interested. Because I lack space. 
Because I don't know how to produce food. Because my landlord won't allow it. 
Because it is too expensive. Because I have no time. 
Other………………………………………………………………………………………… 
19. For those who do NOT live in an urban area, please tell us  
19 (a). In your area, what crop is the most important for:  
a.food……………………………………………………………….  
b.cash………………………………………………………………………. 
19 (b). What other crops are important in your area (rank in order of importance)?  
Matooke ()    Maize ()  Beans ()    Cassava ()   Rice ()    Vegetables and fruits ()  
specify……………………………………………………………………………………..   
other(specify)………………………………………….. 
 
PART II 
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6. What foods do you sell? Matooke ()    Maize () Beans ()    Cassava ()   Rice ()    
Vegetables and fruits () other (specify)………………………………………….. 
7. How/Where do you obtain the produce you sell? 
a) Produced at home   b) Buy directly from farmers c) Buy from middle men/track 
operators 
8. How easy do you obtain the produce you sell when ready to buy?: a) less than 1hour b) 1 
– 2 hours c) 3 – 4 hours d) 5 – 7 hours e) more than 24 hours 
………………………………………. 
9.  Where is most of the food that sold in this market produced? 
Food Place  Distance  Travel time 
Matooke    
Legumes    
Vegetables    
Grains    
Cassava    
Potatoes    
Root crops (yams, 
Sweet potatoes) 
   
Fruits    
Other    
 
10. Prices of the major produce  you sell (per kg) since the last 5 years 
Crops/produce/Foods  2010 2011 2012 2013 2014 2015 
       
       
11. Quantity/Volume of the produce  you sell since the last 5 years 
. 
Crops/produce  
2010 2011 2012 2013 2014 2015 
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12. Monthly income from vending   a) 0 – 50,000 b) 50,050 – 100,000  c) 100,050 – 200,000   
13. d) 200,050 – 300,000 e) 300,050 – 500,000 f) Above 500,0050  g) 
Other…………………………………… 
14. How many persons in your household depend on your income from selling foods?.........… 
15. What are the major expenses you spend your proceedings from market sales on?(rank in 
order of importance)     a) food        b) School fees       c) Medical bills        d) house rent          
e) other [specify]………………….. 
16. Apart from market vending, what other source of income/ 
activities?............................................................................................................................ 
17.  Before starting market vending , what was your major source of 
income?...................................................................................................................................
..................................................................................................................................... 
18. How many hours do you spend in a day selling?............................................................... 
19. Do you obtain/sell similar produce every month?  a) Yes   b) No 
(If you answered “no”) which Months do you access/sell less or more?(rank in order starting 
with the highest) 
Jan Feb March April May June July  Aug Sept Oct 
 
Nov Dec Note        
 
(Rank in order of importance) 
20. What are the main reasons in some Months you sell/access less or more?          a) Capital   
b) Price fluctuation       c)   supply        d) demand changes       e) space            f) weather 
 g) Other [specify]……………………………… 
21. Challenges you face while market vending? (rank in order of importance) 
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22. H
o
w do you address the challenges above? 
 
PART III 
1. How many vendors operate in this market? a) Women……………   b) 
Men…………………….. 
2. List all the foods sold in this 
market………………………………………………………………………………… 
3. Where do majority of each of the foods brought from?.................................................... 
4.  How far from this market?................................................................................................... 
 
 
End 
 
 
 
 
 
 
 
 
 
 
 
Challenge Capital price 
fluctuation 
supply demand 
changes 
space weather other 
[specify] 
Rank        
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Appendix 5. Urban food price changes as a result of or reduced farming in and around the 
city. 
 
 
Figure 5.1. Percent annual price change of main staple foods in urban markets of Kampala 
between 2005 and 2015 (Data Source: UBOS) 
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Figure 5.7.Annual price changes of the major fruits in Kampala urban food markets between 
2005 and 2015 (Data source: UBOS) 
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Figure 5.8.Percent annual price change of major legumes in Kampala between 2005 and 2015 
(Data source: UBOS) 
 
 
 
 
 
